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VELOCITY OF COMBINATION OF ANTIBODY WITH SPECIFIC 
POLYSACCHARIDES OF PNEUMOCOCCUS* 


By MANFRED MAYER anp MICHAEL HEIDELBERGER 


(From the Departments of Biochemistry and Medicine, College of Physicians and 
Surgeons, Columbia University, and the Presbyterian Hospital, New York) 


(Received for publication, February 7, 1942) 


Aggregation of staphylococci by immune serum was observed by Eagle 
(1) to take place at room temperature in 15 seconds but much more slowly 
at 4°. It was shown in this laboratory by means of quantitative chemical 
analysis (2) that combination of Type I pneumococci with homologous 
antibody in horse serum, without regard to aggregation, was 80 per cent 
complete in a sample removed after 5 minutes at 0.5°, although the reaction 
period was lengthened to a possible 10 to 15 minutes by the necessity of 
centrifugation (also in the cold'). Similar experimental difficulties pre- 
vented Follensby and Hooker (3) from establishing at much less than 8 
minutes the initial rapid reaction between diphtheria toxin and antitoxin 
postulated earlier by Pappenheimer and Robinson (4). A more exact 
calorimetric timing of the reaction between hemocyanin and antibody in 
horse serum (5) showed that heat evolution was 80 per cent complete in 
2 minutes after mixing. 

In the meantime application had been made in this laboratory of the 
principle of competitive reactions which has rendered such service in the 
kinetic study of inorganic and organic chemical reactions. It was found 
(6) that addition of rabbit anti-egg albumin to a suitable mixture of egg 
albumin (Ea) and horse anti-Ea serum at 0° within about 20 seconds pro- 
duced no greater reversal of the soluble reaction product of the immune 
horse serum reaction than did addition of rabbit anti-EKa after a week. 
Since addition of Ea to a mixture of horse and rabbit anti-Ka sera had 
shown that both forward reactions proceeded at similar rates, this was 
interpreted to mean that combination of Ea and horse anti-EKa to form 
soluble compounds was essentially complete within 20 seconds at 0°. 

Additional studies of this type are now reported for certain homologous 
and cross-reactions of horse antibody and pneumococcus polysaccharides. 
The cross-reaction between Types III and VIII pneumococci was chosen 


* The work reported in this communication was carried out under the Harkness 
Research Fund of the Presbyterian Hospital and is to be submitted by Manfred 
Mayer in partial fulfilment of the requirements for the degree of Doctor of Philosophy 
in the Faculty of Pure Science, Columbia University. 

1In an International Equipment Company refrigerated centrifuge. 
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because it has been studied extensively by the quantitative precipitin 
technique (7, 8). 

Antipneumococcus Type VIII horse sera contain antibody fractions 
which react with Type III specific polysaccharide (S-III) as well as with 
the homologous Type VIII specific polysaccharide (S-VIII).  Experi- 
mental conditions were so chosen that S-III and S-VIII competed for 
the cross-reactive antibody molecules in the resulting precipitin reaction, 
The outcome of this competition could then be determined by analysis of 
the supernatants for S-III and S-VIITI. 


EXPERIMENTAL 


To 1.0 or 2.0 ml. of antipneumococcus Type VIII serum No. H-909 
(1938),? diluted with the desired amount of saline, 1.0 ml. portions of 
solutions of S-ITI and S-VIII were added with thorough mixing at measured 
intervals in the order stated (Table I) at 0-10°. The same proportions of 
serum to S-III and S-VIII were used in every instance. Approximately 
one-half of the experiments was done with 1.0 ml. of serum, 0.076 mg. of 
S-III, and 0.150 mg. of S-VIII, while 2.0 ml. of serum, 0.152 mg. of S-III, 
and 0.300 mg. of S-VIII were used in the remainder in order to provide 
larger amounts of supernatants for analysis. Doubling the experimental 
quantities did not affect the outcome of the competition (Experiments 12 
and 13). <A unit volume of 3.5 ml. was chosen for a single quantity run 
and 7.0 ml. for double quantities except in several earlier experiments with 
double amounts at 4.5 ml. (Experiments 3, 8, 11, 18) in which volume 
was not a decisive factor. ‘Two experiments (Nos. 4 and 17) were carried 
out at 14 ml. with double quantities in order to test the effect of dilution. 
Polysaccharide additions were made rapidly from calibrated 1 ml. tuber- 
culin syringes. With the cooperation of several persons it was possible 
to make the minimum interval between the polysaccharide additions as 
short as 3 seconds. <A further decrease would have involved appreciable 
errors in timing with the technique_used. All reaction mixtures flocculated 
before centrifugation was started. At the end of the reaction time given 
in Table I the tubes were centrifuged in the cold. Aliquot portions of 
supernatant were analyzed for S-III by addition to an accurately measured 
volume of a calibrated sample of Type III antipneumococcus horse serum 
No. H-792? from which the antibody reactive with S-VIII had been re- 
moved (9). Only a few of the supernatants were analyzed for S-VIII 
(with S-II]-absorbed Type VIII antipneumococcus horse serum), since the 
effects observed were more clearly reflected by the variation in S-III than 


2 These sera were obtained through the kindness of Dr. Ralph 8. Muckenfuss and 
the late Dr. William H. Park of the New York City Department of Health Research 
Laboratories. 
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The latter reacts with all of the antibody, while S-III combines 


in S-VIII. 
only with the cross-reactive antibody fractions which are competed for 


by the two polysaccharides. 


TABLE | 
Combination of Antibod, y with — fie Pol ysaccharides of Pneumococcus 


mi. = mg. | mg. | a | | sec | min | min. me. mg 
1} 1. 00. 076.0.150 3.5 Simultaneous! 0.049 0.027 
2 1.00.0760.150 3.5 " | 0 60 65 0.060 0.016 
2.00.152:0.300 4.5 0 (1000 (Ca.) 1000 (Ca.) 0.075 0.001 
4) 2.00. 1520. 300 14 | 5 10 0.057 |0.019 
1.00.0760. 150. 3.5 S-VIII first 10 0.079 0.000 
6 2.00. | 5 10 0.073 0.003 
7 1.00.0760.150 3.5 10 0.072 |0.004 
8 2.00.1520.300 4.5“ 10 1000 (Ca.) 1000 (Ca.) 0.077 0.000 
9 1.00.076 3.5 S-IIL only 5 10 0.007 0.069 
10 1.00.076 | 45 «50 0.009 0.067 
2.00.152 | 4.5) 2500 (Ca.) 2500 (Ca.) 0.009 (0.067 
12, 1.00.0760.150 3.5 first 3 5 10 0.033 0.043 
2.00.1520.300 70 “  « «10 0.034 (0.042 
14 2.00.15210.300 10 0.016 0.060 
2.00. 1520. 300 7.0. 0.011 0.065 
16 1.00. 0760. 0.009 0.067 
17 2.00.1520. 10 0.047 0.029 
18 | 2.010.152}0.300, 4.5) “ 10 (Ca.) 1000 (Ca.) 0.075 0.001 
1.00.0760.150 3.5 “ 180 1000 ( ) 1000 ( ) 0.040 0.036 
20. 1. 00. 90,000 1000 ( ) 2500 ( “ ) 0.020¢ 0.056 

| | | | | (Ca.) | 


* This includes the first 5 minutes of centrifugation, since inspection at that time 
showed that the precipitate had settled. Centrifugation was, however, continued 
for another half hour in order to clear the supernatant thoroughly for the subsequent 
analysis. 

t Calculated to 1.0 ml. of serum. 

t Single analysis only. 


0.150 mg. of S-VIITI (a slight excess), when added alone, precipitated 1.00 
mg. of antibody N from 1.0 ml. of Type VIII antipneumococcus horse 
serum No. H-909. 31 per cent of the total antibody N was precipitable in 
the cross-reaction by 0.076 mg. of S-III (a slight excess). 

S-III and S-VIII were prepared according to the methods previously 
described (10, 7). Samples for the preparation of quantitative solutions 
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were dried to constant weight in vacuo over P.O; at room temperature. 
Quantitative precipitin analyses were carried out as described (11) and 
nitrogen analyses by a modification of the Pregl micro-Kjeldahl method, 


DISCUSSION 


It has become customary in this laboratory to consider specific immune 
precipitation (12) and the closely related specific agglutination of bacteria 
(2) as due to the combination of antigen and antibody which are multivalent 
with respect to each other; that is, molecules of antigen may become at- 
tached to molecules of antibody through one or more of several linkages on 
either type of molecule. The initially formed antigen-antibody complex 
may, by virtue of the plurality of reactive groupings, combine with addi- 
tional antigen or antibody molecules or with already formed antigen-anti- 
body compounds until gigantic aggregates are built up and separate from 
solution, or, in the case of bacteria, clump together and settle. This 
conception of the reaction mechanism appears to account most satis- 
factorily for the main body of knowledge regarding this immune reaction, 
and possesses the additional advantages of resting on and being in accord 
with modern concepts of protein and carbohydrate structure and being 
susceptible to expression in quantitative form in most instances in which 
sufficiently precise data are available. Not only has a somewhat similar 
view been proposed by Marrack (13), but there is an increasing tendency 
to view the industrially important polymers in much the same light (14-16), 
since these also arise by combination of polyfunctional substances. In 
accord with such a mechanism the speed of this series of reactions should 
diminish as the interacting immune aggregates grow larger (cf. (17)). 

The process of immune combination has been shown to be reversible 
(18, 17, 4). Under suitable conditions aggregates may dissociate into un- 
combined antigen and antibody molecules, but the dissociation tendency 
of most immune reactions is relatively small. Since dissociation of an 
aggregate involves the breaking of many immune linkages the over-all speed 
of reversal should depend, at least in part, on the extent of aggregation, 
for the larger the immune aggregate the more linkages must be broken in 
its dissociation. 

The data now assembled may be interpreted with the aid of these con- 
siderations and without new assumptions. 

Simultaneous addition of S-III and S-VIII to anti-S-VIII and centri- 
fugation after 5 minutes (Experiment 1) resulted in precipitation of 0.027 
mg. of S-III, or 39 per cent of the total with which the antibody is capable 
of combining in the absence of S-VIII. The forward cross-reaction there- 
fore takes place with a velocity roughly of the same order as that of the 
homologous S-VIII-anti-S-VIII reaction. When the simultaneously 
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added polysaccharides were permitted to react for 60 minutes before centri- 
fugation (Experiment 2) only 0.016 mg. of S-III (23 per cent) remained 
in combination. After 17 hours (Experiment 3) only 0.001 mg. of S-III 
(1.5 per cent) was left in the precipitate. A slow liberation of S-III from 
combination evidently occurred. Experiments 9, 10, and 11 showed that, 
in the absence of S-VIII, S-III was not eliminated from the precipitate. 

If one considers a single antibody molecule (A) in contact with S-IIT 
and S-VIII, it may take part in the following initial reactions which are 
represented as reversible, but with the equilibrium point far to the right. 


(1) A + S-III A-S-III 

(2) A + 8-VIII —= A-S-VIII 

3) A-S-II] + S-VIII —= S-IIT-A-S-VIII 

4) A-S-VIIL + S-III S-III-A-S-VIII, ete. 


Antibody molecules or reactive antibody sites set free by reversal, as 
from right to left, may enter into combination with either polysaccharide. 
However, the slow liberation of S-III observed would indicate that the 
course of the reaction in the case of anti-S-VITII tends toward combination 
with S-VIII. In terms of the reversible equilibrium reactions formulated 
such a shift indicates a greater dissociation tendency of the heterologous 
compound. This explanation had already been given (7) for the presence 
of both antigen and antibody in equivalence zone supernatants in this cross- 
reaction. 

When S-VIII, the homologous antigen, was given a head start over S-IIT 
(Experiments 5 to 8), no S-IIT was found in the precipitate even when the 
interval between additions was as short as 3 seconds. If one omits, for 
the moment, consideration of the possibility of appreciable reversal in so 
short a period, the conclusion seems justified that combination of S-VIIT 
and anti-S-VIII was essentially complete in less than 3 seconds even at 
the low temperature used. 

It is less easy to interpret the results of Experiments 12 to 20 in which 
S-III was given a head start over S-VIII. When S-VIII was added to 
the serum only 3 seconds after S-III (Experiments 12 and 13), 0.043 and 
0.042 mg. respectively of S-III were found in the precipitates compared 
with 0.069 mg. of S-III when no S-VIII was introduced (Experiment 9). 
In Experiments 14, 15, and 16 in which S-VIII was added to the serum 12 
seconds, 1 minute, and 3 minutes after S-IIT, 0.060, 0.065, and 0.067 mg., 
respectively, of S-III were found in the precipitate. At first sight this 
would appear to indicate that approximately 1 minute was required for 
complete reaction of S-III with anti-S-VIII. Alternatively, since S-VIIT 
reacted in less than 3 seconds and since it was found that S-III and S-VIII 
reacted with velocities of roughly the same order, one may assume that 
S-III also reacted completely within 3 seconds in Experiments 12 and 13 but 
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that liberation of S-III through reversal took place to a measurable extent 
during the 10 minutes after addition of S-VIII. Thus, instead of 0.069 
mg. of S-III, as in Experiment 9, only 0.042 and 0.043 mg. were found in 
the precipitates, corresponding to a liberation during 10 minutes of about 
40 per cent of the weight of S-III originally bound. In a similar calcula- 
tion applied to Experiment 1 account is taken of the fact that only one- 
third of the antibody present is cross-reactive. Therefore of the 0.150 
mg. of S-VIII added, roughly 0.050 mg. competed with 0.076 mg. of S-III 
in Experiment 1, since roughly 0.100 mg. of the S-VIII would be expected 
to react with the two-thirds of the total antibody which does not cross- 
react. If the molecular weights of the two polysaccharides and their 
initial reaction velocities are similar, two-fifths of the cross-reactive anti- 
body should enter into combination with S-VIII and three-fifths with S-III 
in proportion to these quantities of polysaccharides. Then 3/5 X 0.069 
or 0.041 mg. of S-III should be bound. Instead 0.027 mg. of S-III was 
found in the precipitate, corresponding to a release through reversal of 34 
per cent of the amount calculated as combined (0.041 mg.), in good agree- 
ment with the percentage of reversal found above. These admittedly 
crude calculations show that about one-third of the weight of S-III 
originally in combination may be released during 10 minutes. On. this 
basis it is possible to estimate the effect of S-III liberation on the outcome of 
Experiments 5 to 8 in which S-VIII was added before S-III. Since the 
largest quantity of S-III found in the precipitate was 0.004 mg., no more 
than 0.006 mg. of S-III (0.004 * 3/2) could have reacted, or less than 9 


per cent of the weight of S-III with which the cross-reactive antibody -_ 


fraction can combine (0.069 mg.). Therefore at least 91 per cent of the 
cross-reactive antibody reacted with S-VIII in less than 3 seconds. Since 
the cross-reactive antibody is indistinguishable from the rest of the anti- 
body as far as S-VIII is concerned (7, 8), this reaction velocity may be con- 
sidered to apply to the homologous reaction as a whole. 

In Experiments 1, 2, and 3, in which the polysaccharides were added 
simultaneously, it was shown that liberation of S-III could be completed 
in less than 17 hours. Release of all S-III was also demonstrated within 
the same period in Experiment 18 in which S-VIII was added to the anti- 
serum 10 seconds after S-III. It is evident from Experiments 12 to 20 
that the longer the interval before addition of S-VIII the slower is the 
reversal. This is as expected, for as stated before, the over-all speed of 
S-III liberation would depend at least in part on the state of aggregation 
at the time of S-VIII addition. Longer head starts permit aggregation 
and possibly other molecular rearrangements to proceed far enough to 
prevent liberation even over prolonged periods. For example, S-III-anti- 
S-VIII which had been allowed to aggregate for 2 days in the cold and 
which had then been centrifuged and washed was shaken mechanically in 
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the ice box for 4 weeks with a solution of S-VIII and a drop of toluene. 
No release of S-ITI was observed. 

Experiments 4 and 17 were run in double volume in order to obtain 
further evidence on the mechanism of S-III reversal. While dilution would 
be expected to retard both forward reactions to about the same extent, 
the resulting delay in aggregation should accelerate S-III release through 
reversal, Less S-[II was indeed found in these precipitates than in those 
of the corresponding experiments, Nos. 1, 12, and 13, in more concentrated 
solution. 

The rapid initial S-III release (elimination of one-third of the bound 
S-III in 10 minutes) may be related to the existence in the cross-reactive 
antibody of a fraction which behaves toward S-III like univalent antibody 
(8). This fraction, which is multivalent toward the homologous S-VIII 
and which comprises approximately 30 to 50 per cent of the cross-reactive 
antibody, may release combined S-III more rapidly than the remaining 
polyvalent cross-reactive antibody fractions. It might be expected that 
retention of S-III in many of the precipitates would be accompanied 
by a decrease in the amount of combined S-VIII. In Experiments 8, 
13, 14, and 15 the supernatants were accordingly analyzed for S-VIII 
as previously indicated. 0.002, 0.004, 0.005, and 0.006 mg. were found, 
respectively, showing that 0.148, 0.146, 0.145, and 0.144 mg. of S-VIII 
were present in the precipitates. It is thus seen that in the presence of 


_ only a very slight excess of S-VIII (0.150 mg. total) the quantity of S-VIII 


combined with the antibody is not significantly affected by the extent 
of combination with S-II] and that the liberation of S-III is not due to 
exchange with additional S-VIII in solution. However, Experiments 
9, 10, and 11 show that the S-IIT is not liberated unless S-VIII is present. 
An explanation of the difficulty may be sought in the demonstrated multi- 
valence of specific polysaecharides (19, 7). This renders it possible for 
a molecule of S-VIIT already in combination to react still further with 
antibody by virtue of uncombined reactive sites or groupings and thus 
effectively to displace the more easily dissociated cross-reacting polysac- 
charide, S-IIT. If this interpretation is correct, it would indicate that 
quite extensive intramolecular rearrangements may take place before 
specific polysaccharide-antibody precipitates attain their final gel-like 
form. It would certainly appear inadequate to attribute a dynamic 
process of this nature to a mere physical aggregation due to the presence of 
salt, as was the older view. 


SUMMARY 


Chemical combination of S-IIT and anti-S-VIII and of S-VIII and anti- 
S-VIIT is at least 90 per cent complete in less than 3 seconds at 0°. Sub- 
sequent polymerization leading to the formation of insoluble aggregates 
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takes place with progressively diminishing velocity. In the presence 
of homologous polysaccharide the cross-reacting S-III may be liberated 
from combination with antibody. The velocity of this effect also dimin- 
ishes as aggregation progresses. Complete elimination of S-III within a 
finite time occurs only when S-VIIT is added during the earlier stages of the 


reaction. 
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THE CHEMICAL DETERMINATION OF THIAMINE* 


By ERNST R. KIRCH?t anno OLAF BERGEIM 


(From the Department of Chemistry, College of Pharmacy, and the Department of 
Physiological Chemistry, College of Medicine, University of Illinois, Chicago) 


(Received for publication, February 20, 1942) 


A number of methods, chemical (1-5) as well as microbiological (6-9), 
have been employed for the determination of thiamine. While the former 
require the cumbersome adsorption of thiamine, the latter, although ideally 
suited for microdeterminations, are too time-consuming. 

A reagent which on reaction with thiamine would produce a precipitate 
or a specific color in aqueous solution, which in turn could be extracted 
by the use of a selective solvent, would be highly desirable. The elim- 
ination of adsorption and other means of purification would greatly improve 
a chemical assay for thiamine. ‘The search for such a reagent has been, it 
is believed, successful to the extent that the test developed can be applied 
quantitatively to solutions containing 3 to 6 y of thiamine per 5 ce. 


EXPERIMENTAL 


Of the numerous aromatic amines investigated, ethyl p-aminobenzoate 
(NHy-CeHy-COOCLH;), was found to produce a pink to red color when 
added in diazotized form to solutions of thiamine. The trichloroacetate 
-COOTIN Hy: CeHy- COOCLH;) of this amine is fairly stable in alco- 
holic solutions for at least 2 months. It was also found that this latter 
compound would give more accurate and sensitive results than the hydro- 
chloride. It is for this reason that the trichloroacetate of the ester is 
preferred. 

Preparation of Trichloroacetate of Ethyl p-Aminobenzoate—16.5 gm. 
(0.1 mole) of ethyl p-aminobenzoate are dissolved in about 250 ce. of 
approximately 2 per cent HCl To this solution are added 16.3 gm. (0.1 
mole) of trichloroacetic acid in aqueous solution. The mixture is stirred 
for a few minutes and then filtered. The precipitate on the filter is reerys- 
tallized from 95 per cent aleohol. M.p. 158.5-160° (corrected). Analysis, 
Cl calculated, 3.47 per cent; found, 3.55, 3.46 per cent. 

Reagents — 

1. A 0.5 per cent solution of the trichloroacetate of ethyl p-aminoben- 


* This investigation was aided by a grant from Standard Brands Incorporated. 

t The experimental data in this paper are taken from a thesis submitted by Ernst 
R. Kirch in partial fulfilment of the requirements for the degree of Doctor of Philoso- 
phy in Physiological Chemistry in the Graduate School of the University of Illinois. 
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zoate in 95 per cent alcohol. ‘This solution was found to be stable for at 
least 2 months. 

2. A 0.5 per cent solution of sodium nitrite in about 85 to 90 per cent 
aleohol, which is prepared as follows: Dissolve 1 gm. of the material in 
about 10 to 13 ee. of distilled water and add sufficient 95 per cent alcohol 
to make 200 ec. When kept cool, this reagent remains stable for about 
2 months. 

3. 1 N sodium hydroxide (approximate). 

Acetic acid, approximately 10 per cent. 

Freshly prepared sodium bisulfite solution, about 1 per cent. 
. Isoamyl alcohol. 

Sodium sulfate, anhydrous. 

All the reagents used were of “reagent quality’? with the exception of 
the ethyl p-aminobenzoate, which was Eastman Kodak Company’s Red 
Label. 

Directions for the Test—The quantity of the solution to be tested depends 
somewhat on the concentration of the thiamine. For convenience in 
reading the Pulfrich photometer, it is suggested that the amounts of the 
vitamin used for each test range between 3 and 10 y. 

To an appropriate amount of the solution containing the thiamine, add 
distilled water to bring the volume to about 25 ec. The 10 per cent acetic 
acid is then added to bring the pH of the solution to about 5 (nitrazine 
paper). Next add 5 ce. of a diazo solution, prepared by mixing equal parts 
of Reagents 1 and 2. The reaction mixture is allowed to stand for about 
2 minutes and then made alkaline with the 1 N sodium hydroxide (nitrazine 
paper). Again let the mixture stand for an additional 2 minutes during 
which time the maximum intensity of the color will be developed. 5 ce. 
of isoamyl! alcohol are added next and the mixture is thoroughly shaken. 
The layers are allowed to separate and the alcoholic layer dried over 
anhydrous sodium sulfate. If the mixture becomes emulsified, it is 
centrifuged in order to speed the separation. 

Standard Curve—The data given in Table I represent the reproducibility 
of the method on solutions of known strength. Fig. 1 shows that the 
readings on the Pulfrich photometer increase proportionally with a corre- 
sponding increase in the concentration of the thiamine. A standard 
curve can be constructed on semilogarithmic graph paper, from which the 
concentration of the vitamin B; can be read directly. 

Specificity of Reaction—In order to ascertain whether or not the reagent 
would produce colors with other biologically important compounds, it was 
tested on the following substances: casein, egg albumin, urea, uric acid, 
acetone, creatinine, glutathione, cystine, nucleic acid, guanidine, tyrosine, 
amino acid mixture (Swift and Company, No. 37989), adrenalin, atropine, 
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homatropine, quinine, pentobarbital, phenobarbital, nicotine, histamine, 
sulfanilamide, insulin, lactose, dextrose, fructose, saccharin, caffeine, 
methyl alcohol, capryl alcohol, hydroquinone, phloroglucinol, phenol, 


TABLE 
Reproducibility of Method for Determination of Thiamine 


_--- 


Units per 5 cc. 


(20 determinations each) Variations in deviations of average, units vitamin B; 


l l l 
2 | 2 | 2 
5 5 5 
10 9 | 10.5 
15 14 16 
1) 19 | 21 
30 28 | 32 
100 
90 
80 
70 
60 
50 
50 


20 


Pulfrich photometer readings 
filter no.S 50°55 


6 l2 18 24 50 56 42 48 54 60 
Units of thiamine 


Fic. 1. Standard reference curve for thiamine 


resorcinol, ethyl acetate, aspirin, methenamine, sulfathiazole, salicylic 
acid, and some of the vitamins. 

Most of these compounds do not react to give a color which can be 
extracted with the isoamyl alcohol, or if a color is produced it is yellow, 
which fades in a short time. 

Adrenalin gave a distinct red color which was soluble in the isoamyl 
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alcohol but it had completely disappeared after 8 to 12 hours, while the 
color produced by the thiamine is stable for at least 1 month. Tests were 
conducted on solutions containing both the adrenalin and the thiamine, 
The reaction mixture was allowed to stand overnight before the aleoholie 
layer was separated. At that time only the color due to the thiamine was 
present. The values obtained were identical with those obtained by the 
control. 

Resorcinol, phloroglucinol, and phenol, in a more concentrated solution, 
gave orange-brown colors which faded after 14 hours. In concentrations 
less than 1:1000 no interference was noticeable or could be removed by 
shaking the isoamyl alcohol after the separation with about 2 ec. of 
distilled water. 

In an attempt to find out which part of the thiamine molecule is responsi- 
ble for the color formation on reacting with the reagent, the following 
intermediates used in the synthesis of thiamine were investigated: 
2-methyl-5-bromomethyl-6-aminopyrimidine dihydrobromide (Merck), 
2-methyl-5-ethoxymethyl-6-aminopyrimidine (Merck), and 4-methyl-5-6- 
hydroxyethylthiazole (Merck). 1 mg. portions of the pyrimidine inter- 
mediates did not produce a color under the conditions of the test. With 
the thiazole fraction, when the same quantity was used per test, a pink-red 
color was obtained similar to the one produced by thiamine itself, but the 
formation of the color was not as rapid and not as intense as in the case of 
the vitamin. 

The following vitamins were investigated for any possible interference 
with the test. 

1. Vitamin A, in the form of carotene and fish liver concentrate. Since 
the former, because of its color, will impart a red-brown coloration to the 
isoamyl alcohol and the latter a dark brown coloration to the same solvent, 
it is advisable, when a mixture of different vitamins is being tested for 
thiamine by this procedure, to remove the vitamin A first by shaking the 
aqueous suspension of these substances with either isobutyl or isoamyl 
alcohol before proceeding with the determination for thiamine. 

2. Vitamin D, as viosterol in oil. This substance did not produce any 
interfering color. 

3. Ascorbic acid when present in concentrations of 2 to 5 mg. per 10 ce. 
of solution to be tested will either entirely or partially prevent the forma- 
tion of the color formed by the reaction of thiamine on the reagent. This 
might be expected because of the reducing properties of vitamin C (3, 10). 
An interfering color is not produced by the ascorbic acid. For the deter- 
mination of thiamine in the presence of ascorbic acid, the following pro- 
cedure is recommended. ‘To an appropriate amount of the solution to be 
tested add distilled water to bring the volume to about 20 cc. Adjust the 
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pH to 4.5 with acetic acid. The vitamin C is then oxidized with 1 per 
cent potassium permanganate, which is added to a faint color. The thia- 
mine will not be oxidized under these conditions in such short a time (11). 
The slight excess of the potassium permanganate is decolorized with about 
2 cc. of the 1 per cent solution of sodium bisulfite. The 5 cc. of the diazo 
solution are added next and the rest of the procedure follows the general 
directions for the determination of the thiamine. The results obtained by 
this procedure are given in Table II, showing that there is no loss in thia- 
mine when this modification is employed. | 

4. Riboflavin. This factor neither prevents the color formation nor 
does it produce an interfering color. 


II 
Quantitative Recovery of Thiamine after Treatment with KMnO, and NaHSO, 


Sample Ne.* Thiamine added Thiamine found Ascorbic acid added 

units | unils meg. 

] 20 | 20 0 

2 - 20 | 4 : 

3 20 | 19 1 

4 20 | 20 1 

5 10 | 10 1 

6 5 | 5 l 

7 10 | 9 0 

8 20 19 0 


5. The other components of the vitamin B complex, such as vitamins Bs, 
By, Bs, pyridoxine, nicotinic acid, as well as pantothenic acid, did not 
produce or prevent the formation of any color on reaction with the reagent. 

Influence of pH on Reaction—Adjustment of the pH of solutions of 
thiamine to as low as 4 prior to the addition of the diazo solution and the 
subsequent adjustment of the pH to 7.5 to 8 gave 98 to 100 per cent 
recovery of the thiamine. Pure aqueous solutions of varying concentra- 
tions of thiamine chloride were tested. The results are shown in Table 
III. If solutions were made too alkaline, losses of about 50 per cent 
occurred, which may be due to the destruction of the thiamine or the result- 
ing colored compound. It will be recalled that the thiazole fraction of the 
thiamine molecule also produces a red color with the reagent, but of much 
less intensity than the vitamin itself. 

Time Required for Development of Maximum Color—20 units of thiamine 
were tested with the reagent and the color produced was extracted with 
isoamy! alcohol after various periods, ranging from 1 minute to 24 hours, 
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the latter sample being used for comparison. As shown in Fig. 2, the 
reaction was completed within 2 minutes. 

Effect of Variations in Quantities of Thiamine and Reagent—In one series 
of tests from 1 to 100 units of thiamine was used, while 5 cc. of the diazo 


TaB_e III 
Effect of pH on Reaction 


Sample No. Thiamine found Per cent recovered 
units 
1 2.5 7.5 15 75 
2 3.5 7.5 15 | 75 
3 4.0 7.5 | 19 | 95 
4 4.5 7.5 | 20 | 100 
5 5.0 7.5 | 20 | 100 
6 5.5 7.5 | 20 100 
7 6.0 7.5 20 | 100 
8 6.5 7.5 19 | 5 
7.0 7.5 10 
10 7.5 9.0 2 10 


20 units of thiamine were added to each sample. Each sample was allowed to 
stand for 2 minutes before the addition of the isoamyl aleohol and then overnight 
before the separation of the alcoholic layer. 
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Percent of reaction completed 
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S 10 1S <0 25 


Time in minutes 


Fic. 2. Time required for maximum color development of thiamine with reagent 


solution were used. None of the other factors influencing the reaction was 
varied. In another series the amount of the thiamine was kept constant, 
while the amount of the diazo solution was changed. Within certain limits 
of these variations in the concentrations investigated, no appreciable 
deviations were observed. Tables IV and V show these results. 
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Reaction of Reagent with Free Thiamine Only—-Vitamin B, has been 
shown to exist in nature as the pyrophosphate to constitute cocarboxylase 
(12). Tests conducted on fresh solutions of cocarboxylase (Merck) 
showed that this compound did not react with the diazotized ethyl p-amino- 
benzoate to produce a color, as in the case of free thiamine. This is of 
great importance, therefore, since solutions containing both the thiamine 
and the pyrophosphate ester can be assayed for both by difference. In 


Tasie LV 


Influence of Varying Amounts of Reagent 


Thiamine found 
Sample No 20 units added to each sample) Diazo solution added 

ce. 

20 5 

2 10 

3 20 15 

IS | 20 

17 25 


In each of the tests the solutions were allowed to stand for 2 to 3 minutes and the 
color was then extracted with the isoamyl alcohol. 


TABLE V 
ke flect of Varying Amounts of Thiamine 


Sample No Thiamine added Thiamine found 
unils 
| 
2 2 2 
3 3 3 
4 4 
5 5 5 
1O | 10 
7 20 
40 39 
SO 78 


10 100 06 


order to determine the latter, however, it is necessary to hydrolyze it quan- 
titatively to the free thiamine. 

Cocarboxylase can be converted into the monophosphate only by acid 
hydrolysis. This latter compound likewise does not react with the reagent 
to produce a colored compound. Alkaline hydrolysis is impractical be- 
cause of the accompanying destruction of the rest of the thiamine molecule. 

Enzymatic hydrolysis converts the cocarboxylase to the free thiamine 
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without any destruction of the thiamine molecule. As one of the numerous 
sources for phosphatase (12-15) yeast can be used under proper conditions, 

Evidence of Enzymatic Conversion of Cocarboxylase to Free Thiamine by 
Yeast or by Glycerol-Yeast Extract—When solutions of cocarboxylase were 
heated with fresh live yeast for about 2 to 3 minutes at a temperature of 
boiling water, quantitative hydrolysis to the free vitamin took place, 
The vitamin B,, as found in yeast, is present to a larger extent as the 
pyrophosphate ester. In the analysis of yeast, it was observed that 30 
per cent ethyl alcohol was the best solvent to use. The reaction goes to 
completion within a very short time. A solution of cocarboxylase in 30 
per cent ethyl alcohol containing 1 ec. of a glycerol extract shows that a 
quantitative hydrolysis of the cocarboxylase to the free thiamine takes 


TaBLe VI 
Effect of Optimal pH on Hydrolysis of Cocarborylase 


H Cocarboxylase found 
P (20.12 units added) 


Ss | 16 
7 | 20 
6 | 21 
5 | 20 
4 21 
3.1 20 
2 2 
1.5 2 
3 7 of thiamine = | unit of thiamine; 10 y of cocarboxylase = 7.1 y of thiamine. 


The reaction mixtures were allowed to stand for 1 hour, were then filtered, and the 
filtrate tested for thiamine. 


place within an hour. The enzyme was found to be active at pH 3 to 7. 
These results are shown in Table VI. 

A series of tests was carried out to ascertain what percentage of ethyl 
alcohol was best to use as solvent. ‘To five tubes (Tubes 1 to 5) containing 
10 ec. of ethyl alcohol of various concentrations, there were added 20 units 
of cocarboxylase and 1 ec. of the phosphatase preparation. Another set of 
five tubes (Tubes 6 to 10) contained the alcohol and the cocarboxylase only. 
One series was adjusted to pH 3 and another to pH 7. From the results 
shown in Table VII, it is evident that the 30 per cent alcohol is the best 
solvent to use. 

The temperature and the time influencing the hydrolysis are interesting. 
If yeast was suspended in distilled water and this suspension was heated 
for about 3 minutes in boiling water, the same results were obtained as with 
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the fermentation method of Schultz, Atkin, and Frey (8). Identical 
results were found when 30 per cent ethyl alcohol was substituted for the 
distilled water with one noticeable exception in that the samples treated 
with the alcohol did give the same results whether the suspensions were 
heated or not. When distilled water is used for the yeast suspensions, 
temperatures around 90° are needed, however, as shown by the results 
cited in Tables VIII to X. 

Preparation of Phosphatase Solution—1000 gm. of fresh bakers’ yeast 
(Fleischmann’s) are stirred with 500 cc. of distilled water and allowed to 
stand at room temperature for about 1 hour. Enough dry ice is then added 


Taste VII 


Effect of Optimal Concentration of Ethyl Alcohol on Hydrolysis of Cocarborylase by 
Yeast Phosphatase 


— 


Series A, pH 3 Series B, pH 7 
Tube No. | Cocarboxylase - Cocarboxylase 
Alcohol foun Alcohol fou 
(20 units added) units added) 
| per cent | unils per cent | units 
| 75 | 2.5 75 | 2.5 
2 5O 2.5 5O | 2.5 
3 30 | 20 30 | 20 
4 20 16 20 15 
5 0 2 0 2.5 
6 | 75 2 | 75 2 
7 50 2.5 50 2.5 
s | 30 2 30 | 2 
8) 20 2.5 | 20 2.5 
10 0 2 | 0 2.5 


The mixtures were allowed to stand 1 hour before the estimation of the free 
thiamine formed was carried out. 3 of thiamine = 1 unit of thiamine; 10 y of cocar- 
boxylase = 7.1 y of thiamine; 4.22 y of cocarboxylase = 1 unit of thiamine. 


to freeze the mixture, which is then allowed to warm up gradually to room 
temperature. 1 liter of glycerol is then added and the mixture is stirred 
for a few minutes and transferred to a cylindrical container. After being 
kept in the refrigerator overnight, the suspension is centrifuged and the 
supernatant liquid used as the phosphatase preparation for the hydrolysis 
of the cocarboxylase. 

Modification of Method As Applied to Estimation of Thiamine in Urine— 
With a slight modification this procedure has been applied to the estima- 
tion of thiamine in urine. The test is carried out on urine directly without 
previous adsorption of the thiamine on permutit or zeolite. Results 
obtained by this method are comparable with those obtained by various 
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other investigators using the different methods that are employed at pres- 
ent. Quantities as low as 3 y of thiamine per 5 cc. of urine can be de- 


termined. 


VIII 
Influence of Temperature on Hydrolysis of Yeast Cocarborylase 


2 gm. of yeast were suspended in 20 cc. of distilled water, and the suspensions 


were heated at different temperatures for various periods. 


Sample No. 


bath 

9S 
2 YS 
3 Qs 
4 US 
OS 
6 Qs 

YS 
q QS 
10 
1] 0) 
12 
13 
14 
15 SD 
16 SO 
17 S5 
S2 
19 SO 
20 SO 
21 SO 
22 70 
23 70 
24 50 
25 45 


Temperature of water 


Heating time 


We tow to 


60 


« 
ww 


unils 


150 


187. 


225 
200 
225 
212 
200) 


218. 
191. 


212 


191. 


200 
218 


212. 


19] 


16S. 


162. 


150 
112 


37. 
37. 


5 


The suspensions were filtered immediately after the heating and 10 ce. 
filtrate were used for each analysis. 


Thiamine per cake 
(12.5 gm.) 


of the 


* The suspension was allowed to stand an additional 30 minutes after the heating 


before it was filtered. 


+ The suspension was cooled to 10° with ice water immediately after the heating 


and then filtered. 


The urine is collected under toluene and the pH is adjusted to about 3 with 
sulfuric acid. The sample is then concentrated in vacuo at a temperature 


of about 50—-60° to about one-tenth of its original volume. 


Any precipi- 


tate in the residue is filtered off and aliquot portions of the filtrate are 
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shaken with isobutyl alcohol. 5 or 10 cc. portions of the concentrated 
urine, so treated, are then used for the estimation of thiamine as follows: 
(a) Dilute to 20 cc. with distilled water; (b) adjust the pH to 5.5 to 6; (ce) 


TABLE IX 
Analysis of Free Thiamine in Yeast 


Thiamine per cake 
{12.5 gm.) 


unils 


2 gm. of yeast were suspended in 20 cc. of water; 10 ec. of the filtrate representing 
1 gm. of yeast were used for the test. Prior to the addition of the water, the above 
substances were added to the yeast, or it was frozen in the refrigerator. These 
samples showed only about 25 per cent of the amount of the thiamine found as those 
treated as reported in Table VIII. These results confirm those of Melnick and 
Field (4). 


TABLE X 
Analysis of Free Thiamine and Cocarborylase in Yeast 


Sample No. Yeast A Yeast B | Yeast C 


unils per em. units per cake umils per em. units per cake units per gm. units per cake 


i 175 Is | 187.5 17 212.5 
2 14 175 15 187.5 17 212.5 
3 oe 187.5 15 187.5 17 212.5 
4 21 21 23 

5 | 4 50 4 50 5 62.5 


2 gm. of yeast were suspended in 20 ec. of liquid; the test was carried out on 10 ee. 
of the filtrate representing 1 gm. of yeast. The samples were treated as follows: 
Sample 1, boiled in 30 per cent alcohol for 2 minutes; Sample 2, boiled in water for 3 
minutes; Sample 3, yeast rubbed with sand and suspended in 30 per cent alcohol; 
Sample 4, yeast rubbed with sand and suspended in 30 per cent alcohol containing 6 
units of cocarboxylase per 10 ec. of aleohol (4.22 y of cocarboxylase = 3 y of thi- 
amine = 1 unit of thiamine); Sample 5, yeast rubbed with sand and suspended in 
water containing 6 units of cocarboxylase per 10 cc. of water. 


add 1 per cent KMnQ, to the appearance of the pink color to oxidize any 
ascorbic acid present; (d) add 2 ec. of freshly prepared 1 per cent sodium 
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bisulfite solution; (e) follow with 5 ce. of the diazo solution and complete 
the reaction in the usual manner. 

Before the separation of the isoamy! alcohol, the reaction mixture is 
allowed to stand for about 8 hours so that the interfering color, which 
may be formed, will disappear. Should there still be some of these colors 
present at the end of that time, the alcohol after separation is then shaken 
with a small amount of distilled water. This last procedure is not neces- 
sary very often. Concentration of urine from persons on a high thiamine 
diet is not necessary. 

Results shown in Table XI indicate a 98 per cent recovery of thiamine 
added to urine. 


TaBLeE XI 
Recovery of Thiamine Added to Urine 


Thiamine in 5 


Subject No. | Concentrated to trated; 10 units | 24 
ce. ce. units units | units 
I 1450 150 2 12 | 60 
| 2 11 | 60 
Il S60 | 12% 3 12 | 75 
3 
Ill 640 120 14 | 444 
6 16 | 144 
IV 620 100 4 | 14 | 80 
4 | 14 80 
V 470 125 2 | 11 50 
2 12 5D 
DISCUSSION 


The reagent as employed seems to be specific for the 4-methyl-5-6- 
hydroxyethylthiazole part of the thiamine molecule. A quantitative 
procedure has been developed whereby the reagent can be used for the 
estimation of thiamine without the preliminary isolation of the thiamine by 
the use of adsorbates. When the latter are used, it is rather difficult to 
obtain 100 per cent recovery of the vitamin. 

The reagent does not react with cocarboxylase, the pyrophosphate of 
thiamine, to give a colored compound. The ester has been hydrolyzed 
quantitatively by yeast phosphatase in 30 per cent ethyl alcohol, both at 
room temperature and at temperatures up to 98°. With water in place of 
the alcohol, temperatures above 85° seem to be necessary. Melnick and 
Field ((4) p. 535) state: ‘‘At 70° no hydrolysis is possible owing to the 
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inactivation of the enzyme by heat.”’ They kept their yeast suspension at 
70° for 1 hour and that period may be sufficient to destroy all the phospha- 
tase. On the other hand, some of the cocarboxylase should have been 
converted to the free vitamin. It is not clear why they were unable to 
detect any free thiamine after their treatment at that temperature. 

In our experiments, temperatures much higher than 70° were reached. 
The suspensions were kept at those higher temperatures for a relatively 
short time, however. Quantitative conversion of the ester to the free 
vitamin took place almost instantaneously under the experimental condi- 
tions employed by us. <A possible interpretation of this phenomenon may 
be offered. (1) Heat breaks the yeast cells, liberating the phosphatase 
and the cocarboxylase, the latter being converted to the free thiamine. 
(2) The rate of hydrolysis proceeds at a much greater speed than the rate 
of destruction of the enzyme, which, no doubt, takes place because of the 
destruction of enzymes by heat in general. (3) The free thiamine formed 
is stable enough at that temperature for such a short period. It requires 
longer heating to destroy the vitamin B,. 


SUMMARY 


A chemical method for the determination of thiamine has been described 
by which diazotized ethyl p-aminobenzoate reacts with the vitamin to 
form a colored compound which can be extracted quantitatively from 
aqueous solution by the use of isoamyl alcohol. 

The specificity of the reagent, the influence of the pH on the reaction, 
the time necessary to complete the reaction, and the reproducibility of the 
method have been described. 

A modification of the procedure in the presence of ascorbic acid has been 
described. 

The method is specific for free thiamine. ‘The pyrophosphate of thia- 
mine will not give the test. The ester must first be hydrolyzed to the free 
vitamin. In the case of yeast preparations, this can be accomplished very 
simply by the action of the phosphatase in the yeast. This enzyme is 
liberated from the yeast cells by heating a yeast suspension in water or 30 
per cent ethanol at a temperature of boiling water for 2 to 3 minutes. 

The preparation of a glycerol phosphatase solution has been described. 

Under the conditions described, the cocarboxylase can be converted 
quantitatively to the free thiamine at a pH range from 3 to 7 during a 
relatively short period. 

A modification of the procedure has been described to make the test 
applicable to the estimation of thiamine in urine, without any adsorption 
of the vitamin. 
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THE ACONITE ALKALOIDS 
VIII. ON ATISINE 


| By WALTER A. JACOBS ann LYMAN C. CRAIG 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, January 26, 1942) 


The roots of the Indian plant Aconitum heterophyllum, or atis, have long 
been known to contain an alkaloid, atisine (1), which belongs in the cate- 
gory of simpler aconite alkaloids or alkamines of low toxicity. The possi- 
bility of a structural relationship between this group of alkaloids and the 
more complicated highly toxic aconitine group makes a study of their 
chemistry of particular importance. In recent work Lawson and Topps 
(2) have reported the results of their study of this alkaloid. They revised 
the older formulation of Wright (3) and of Jowett (4) of Cx2H3,;0.N to 
CoH 3;02.N and showed that atisine contains an N-methyl group but no 
methoxyl group. However, their conclusion that a methylenedioxy group 
is present we have found to be incorrect. Our present work confirms their 
observations in some respects but in others we have been forced to different 
conclusions. 

Atis root of commercial origin was obtained from India.! The isolation 
of atisine as the hydrochloride followed with minor modifications the 
procedure used by Lawson and Topps. It was found necessary to employ 
an excess of NaOH to liberate the alkaloid before extraction of the final 
crude aqueous mixture. 12 kilos of the root were found to yield about 98 
gm. of crude hydrochloride. Analysis of the recrystallized salt supported 
the formulation Co2H3302.N-HCl. The alkaloid itself could not be obtained 
in crystalline form. It distilled readily in a molecular still. Analysis of 
such material supported the formulation CoH 3;02N. The hydrochloride as 
obtained by us showed the rotation [a]” = +28° (ec = 1.1 in H.O). This 
differed considerably from the figures published originally by Jowett; viz., 
[a], = +18.46°. A possible explanation for this discrepancy has since been 
found in the instability of atisine in alkaline solution. Even when the 
alkaloid as the free base was allowed to stand in alcoholic solution at room 
temperature, a slow change was found to occur. When, after a number of 
days, the base was reconverted into the hydrochloride, the latter now 
showed [a] = +13.5°. This change was accelerated by the addition of 
alkali and led to the formation in part of the substance to be described 


‘The rhizomes of commercial Aconitum heterophyllum were purchased from an 
Indian source through the kind aid of Dr. R. T. Major of Merck and Company, Inc., 
Rahway, New Jersey. 
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below. In the procedure used by us for the isolation of the alkaloid from 


the plant extract the free base was promptly extracted with benzene after — 


liberation with alkali. It is probable that the material for which Jowett 
reported his rotations was the product of partial rearrangement. ‘This re- 
arrangement may be due to the double bonds of atisine, since the tetra- 
hydro derivative to be described below was not similarly affected by al- 
kali. 

Lawson and Topps have described the production of a so called de- 
methylated alkaloid, C2;H3,02N (m.p. 147°) by the action of potassium 
ethoxide on atisine. On repeating the brief directions of these workers we 
have obtained undoubtedly the substance described by them, but it was found 
to have retained the N-methyl group of atisine. The same substance was 
produced by heating the alkaloid in methyl alcoholic NaOH. Although an 
apparent mixture of substances resulted, the crystalline base was readily 
isolated first as the hydrochloride. Analyses of the base and its hydro- 
chloride corresponded with the figures for a dihydroatisine, CoH sO.N. 
On hydrogenation either the base or the hydrochloride was found to absorb 
but 1 mole of H, with the formation of the tetrahydroatisine described be- 
low. The production of such a substance from atisine if a dihydro deriva- 
tive would appear to be the result of a disproportionation of hydrogen. 
The possibility that atisine itself is really a mixture and that such a dihydro 
derivative had its origin in one of the components of such a mixture, while 
still to be considered, appears to be much less likely. 

The base atisine, as well as its tetrahydro derivative, was found to possess 
2 active H atoms. ‘These must be contained in two hydroxyl groups, since 
diacetylatisine hydrochloride was formed on acylation of atisine hydrochlo- 
ride. Thus the oxygen atoms of atisine have been accounted for by OH 
groups and not by a methylenedioxy group as suggested by Lawson and 
Topps.? 

Atisine on hydrogenation with platinum oxide catalyst absorbed 2 moles 
of H, presumably due to two double bonds. The resulting product proved 
to be a mixture of apparently isomeric tetrahydroatisines which, unlike 
atisine itself, readily crystallized. One of these isomers was easily sep- 
arated because of its sparing solubility and melted at 171—-174°. In 
toluene [a]?? = —33°; in chloroform [a]? = —23°. The same substance 
was obtained from the dihydroatisine recorded above. Unlike atisine, the 
tetrahydro derivative is stable toward alkali. 


2 These workers reported that the Zerewitinoff determination with atisine hydro- 
chloride was negative. In our repetition of the determination with the salt we 
have also found no appreciable evolution of CH, at 25°. However, at 95° 0.472 per 
cent of active H was found. The unsatisfactory behavior of this salt is undoubtedly 
due to physical complications. 
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Lawson and Topps reported the hydrogenation of atisine hydrochloride 
in acetic acid with palladium black to vield a dihydroatisine which was 
described only as the hydrochloride and concluded that atisine contains but 
one double bond. In repeating this experiment we found that the hydro- 
genation with palladium proceeded more slowly than with platinum oxide 
catalyst but nevertheless continued into the 2 mole stage. From the re- 
sulting mixture the above tetrahydroatisine was readily obtained. In an 
experiment in which the hydrogenation with palladium was interrupted at 
the 1 mole stage a mixture was obtained which contained unreacted atisine 
and from which tetrahydroatisine was isolated. 

When the attempt was made to reduce atisine with sodium and alcohol, 
the only crystalline substance which could be isolated appeared to be 
identical with dihydroatisine. When this substance was in turn cata- 
lytically hydrogenated, it yielded a mixture from which the above tetra- 
hydroatisine was isolated. Whether the production of dihydroatisine in 
this case was due to the reducing action of the sodium and alcohol or due to 
the transformation of atisine by the resulting sodium ethylate was not 
determined. 

On the assumption of the correctness of the formulation Ca2.H3;02N for 
atisine, the presence of two hydroxyl groups and two double bonds would 
indicate that its skeletal structure must be of pentacyclic nature. Since 
it contains an N-methyl group and apparently at least one C-methy! group, 
as shown by the Kuhn and Roth (5) determination, such a saturated system 
cannot be greater than CooH33N. It is probable that three of these rings 
consist of a hydrogenated phenanthrene. This was supported by the 
results of dehydrogenation studies. 

In the repetition of the dehydrogenation of atisine with selenium al- 
ready reported by Lawson and Topps we have confirmed in an important 
respect the observations of these workers. The dehydrogenation product 
which appeared to be formed in largest amount was the hydrocarbon C,7Hy. 
reported By them. ‘Their conclusion that it is a substituted phenanthrene 
hydrocarbon has been supported by absorption spectra measurements 
carried out at The Rockefeller Institute for Medical Research by Dr. George 
I. Lavin as shown in Fig. 1. We have previously described (6) the isolation 
of phenanthrene hydrocarbons from the new aconite alkaloid staphisine 
and the study of their absorption spectra. The curves of the latter® are 
given, also in Fig. 1, for comparison with the curve of the CyHis hydro- 
carbon from atisine. 


It has since been found that the values of the extinction coefficients as plotted 
in the curves given in the original paper on staphisine (6) were somewhat too high 
because of a miscalculation of data. The corrected values are plotted in the curves 
of Fig. 1. 
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From the hydrocarbon fraction a substance C,sHy» has been obtained 
which agreed in properties with synthetic 1-methylphenanthrene. This 
was confirmed by comparison of their picrates. From a higher fraction an 
oily hydrocarbon C,sH,3 was isolated and characterized as the trinitro- 
benzene derivative (163-166°) and the picrate which melted at 153-156° 


5.0 
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Fig. 1. Absorption spectrum curves in ethyl alcohol solution. The solid curve 
= phenanthrene; A = Cy\sH,, hydrocarbon from staphisine; O = CygHoo hydrocarbon 
from staphisine; O = Cj;Hi, hydrocarbon from atisine; K = C\.H,,N base from 
atisine. e is the molecular extinetion coefficient. 


The base Ci;Hi;N described by Lawson and Topps as a product from the 
so called demethylated atisine (dihydroatisine) has not been encountered by 
us among the products from atisine. Instead a base Cisf1;N which melted 
at 83-85° was obtained. This in turn gave a picrate (221-223°) and a 
methiodide which melted at 233-235°. The absorption spectrum of the 
base is recorded in Fig. 1. 

A possible oxygen derivative of the latter base, the base Cygf1,;ON, was 
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also obtained which melted at 258-261°. In addition, as recorded in the 
experimental part, two other crystalline substances and a basic oil isolated 
as a picrate were encountered in amounts too small for proper and con- 
elusive characterization. 


EXPERIMENTAL 


Atisine- The isolation of the alkaloid from atis root has been based es- 
sentially on that of Jowett and of Lawson and Topps, with a few modi- 
fications. 

13 kilos of ground root were extracted twice with 39 liters of 70 per cent 
alcohol. In each case the extracted root was squeezed dry in a press. 
The extract was concentrated under diminished pressure to remove the 
alcohol and the remaining thin aqueous syrup was treated with one-fourth 
of its volume of 10 per cent HoSO,. The mixture, which was strongly acid 
to Congo red, was extracted with chloroform several times and the re- 
maining clear aqueous solution was carefully treated with NasCOs; solution 
until slightly alkaline to litmus. The mixture was extracted repeatedly 
with benzene and the extract was set aside. The aqueous phase was 
then shaken with fresh benzene, made strongly alkaline with NaOH solu- 
tion, and promptly and repeatedly extracted with benzene. The washed 
and dried benzene extract on concentration vielde d a light brown resin of 
mixed alkaloids. This was dissolved in alcohol and, while chilling, carefully 
treated with HCl (1.19) until barely acid to Congo red. During this 
operation a copious mass of colorless needles formed which were collected 
with 95 per cent alcohol. 35.3 gm. were obtained. On concentration of 
the mother liquor successive additional crops of crystals brought the yield 
to 46 gm. In a later experiment 24 kilos yielded four crops of crystals 
which totaled 98 gm. Analyses of these fractions indicated that they 
consisted essentially of atisine hydrochloride. From the ultimate mother 
liquors on longer standing additional material was obtained which was 
found to consist of salts of at least two new alkaloids as described in 
Paper LX. 

After recrystallization from 50 per cent alcohol the salt formed flat 
needles which melted with decomposition at 311—312° (uncorrected). 


la]p = +28° (¢ = 1.10 in H.O) 
CoH Caleulated. C 69.52, H 9.02 
Found. (a) 69.92, 9.16 
(b) 69.74, 8.79 
(c) 69.50, 9.06 
(d) 69.78, 8.79 


Attempts to crystallize the free base obtained by decomposition of the 


salt were not successful. However, the residue obtained on concentration — 


of the benzene solution of the base distilled rapidly and quantitatively 
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under 0.01 » and at a bath temperature of 140°. It formed a white opaque 
film on the condenser which could be removed as a powder. It melted 
at 57-60°. 


CooHs;0.N. Calculated, C 76.91, H 9.69; found, C 76.72, H 9.65 


The molecular weight was determined in camphor by the method of Rast. 
Calculated, 343.27; found, 342.5. 

A C-methyl determination according to Kuhn and Roth (5) was as 
follows: 0.0376 gm. of base after three distillations consumed a total of 
0.74 ce. of 0.105 N NaOH. Calculated for one CHs3, 1.045 ec. 

The Tschugaeff-Zerewitinoff determination was as follows: 11.92 mg. of 
base gave 1.45 ec. of CH, (26°, 739 mm.). At 95° there was no change. 
Found, H 0.487; calculated for 2H, 0.587. 

Diacetylatisine Hydrochloride—O.1 gm. of atisine hydrochloride and 2 ce, 
of acetic anhydride were refluxed for 10 minutes. The alkaloid salt gradu- 
ally dissolved. The clear solution was repeatedly concentrated in vacuo 
after addition of aleohol. The reaction product crystallized from alcohol- 
ether in delicate needles which melted at 241-243° (uncorrected) with de- 
composition. 


CosHssO,NCl. Caleulated. C 67.27, H 8.26 
Found. (a) ‘ 66.97, “ 8.54; (6b) C 66.89, H 8.53 


Atisine and Alkali. Dihydroatisine(?)—3m. of atisine hydrochloride were 
sealed in a tube with a saturated solution of NaOH (15 to 20 gm.) in 35 ee. 
of methyl alcohol. The mixture was heated at 100° for 43 hours. The 
colorless mixture after dilution was extracted with chloroform. The ex- 
tract was washed and dried over K2CO; and then concentrated. Residual 
chloroform was boiled off with 95 per cent alcohol. On careful addition of 
HCI (1.19) until the mixture was just acid to Congo red, the hydrochloride 
rapidly crystallized. After collection with cold alcohol 1.36 gm. of the salt 
were obtained. A portion of this salt on recrystallization by solution in hot 
95 per cent alcohol followed by concentration separated as thin or broad 
flat needles which melted with decomposition at 261-263°. 


[a]p = —16° (c = 1.02 in H,O) 

Calculated. C 69.16, H 9.50 
Found. (a) ‘* 69.23, ‘‘ 9.29; C 69.01, H 9.36 

(6) ** 69.32, 9.50 


The major portion of the above unrecrystallized' salt was directly de- 
composed with dilute NaOH and the base was extracted with ether. The 
dried extract on concentration readily yielded large, well formed prisms of 
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the base which melted at 150-153° after preliminary sintering. The micro 
melting point was 156-—158° (corrected). 
la]D = —45° (c = 1.02 in toluene) 
Caleulated. C 76.46, H 10.22, N(CH3) 4.35 
Found. (a) “ 76.42, “ 10.11; © 76.35, H 10.07 
“ (bh) “76.74, “ 10.27, N(CH) 2.64 


A portion of the base was reconverted into the hydrochloride. The latter 
again crystallized from aleohol-ether in needles which melted at 261-262”. 


[alp= —17° (c = 1.00 in H,O) 
Found. C 69.20, H 9.62 


The attempt was made to repeat the reported demethylation of atisine as 
described by Lawson and Topps. Potassium ethylate was prepared from 
1.4 gm. of Ix and 19 ec. of absolute alcohol in an atmosphere of nitrogen. 
0.5 gm. of atisine hydrochloride was then added and the mixture was refluxed 
for 5.5 hours. During the operation much of the alcohol was carried off by 
the nitrogen, so that the actual mixture became more concentrated, which 
more than compensated for the partial neutralization of the HCl. After 
dilution the dried ether extract yielded a colorless resin which did not 
crystallize directly. It was converted into the HCI salt, several fractions of 
which crystallized readily. The salt formed needles from alcohol and 
melted with effervescence at 303° (uncorrected). 


= —2° (¢ = 0.98 in H,O) 
Found. C 69.61, H 8.95, N(CH) 2.37 


A second fraction was obtained from the mother liquor. Found, 
N(CHs3) 2.55. 

The above melting point, rotation, and analytical data definitely point to 
a mixture. When the base was recovered from the salt with alkali, the 
ether extract on concentration readily crystallized as characteristic prisms 
which melted at 152° and were identical with the above base obtained with 
alcoholic NaOH. 


Cyo.H;,0.N. Caleulated. C 76.46, H 10.22; Found, C 76.51, H 10.01 


Tetrahydroatisine—0.25 gm. of atisine hydrochloride was hydrogenated 
with 50 mg. of platinum oxide catalyst in methyl alcoholic solution under 
approximately 3 atmospheres pressure. The reaction was rapid and 
practically completed within 10 minutes after a total of 45 ec. of H», or about 
32 ec. by the substance was absorbed. Calculated for 2 moles of H2, 31.5 
ec. After filtration and removal of the solvent the free base was liberated 
with alkali and extracted with ether. The extract on concentration to 
small volume readily crystallized after chilling. 0.145 gm. of substance 
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was collected in the cold with ether. It melted partly at 155-156°, but did 
not clear until above 165°. 


C..H37O.N. Caleulated, C 76.02, H 10.74; found, C 76.21, H 10.85 


This was shown to be a mixture. On recrystallization from 95 per cent 
alcohol it crystallized as flat needles which melted at 171-174°. The melt- 
ing point was not changed by further recrystallization. The vield was 
about one-third of the starting material. 


Found. (a) C 75.90, H 10.52; (6) C 76.37, H 10.68 
[a] = —33° (c = 1.03 in toluene); —23° (¢ = 1.00 in chloroform) 


The Tschugaeff-Zerewitinoff determination was as follows: 11.53 mg. 
gave 1.68 ec. of CH, (25°, 750 mm.); at 95° there was no change. Found, 
H 0.593; calculated, 2H 0.581. 

From the original ether mother liquor on further concentration addi- 
tional crystallization was obtained in small amount (11 mg.) which con- 
sisted mostly of small glistening prisms. The melting point also indicated 
non-homogeneity. It began to soften above 155° but did not form a clear 
melt under 168°. 


25 


= —57° = 0.77 in toluene) 
Found. C 76.32. H 10.68 


0.25 gm. of atisine hydrochloride was hydrogenated in acetic acid solution 
with 50 mg. of Pd black under 3 atmospheres pressure. The absorption 
was much slower than in the above case with platinum catalyst. Although 
after 6 hours about 1 mole in excess of that required by the catalyst had 
been absorbed, absorption continued and after 24 hours was interrupted. 
28 cc. of He were absorbed by the substance. 

After liberation of the base it crystallized from ether as an obvious mix- 
ture of isomers which gradually and incompletely melted at 138—-139° and 
became clear somewhat higher. Found, C 76.10, H 10.57. 

After repeated recrystallization from 95 per cent alcohol, it melted at 
171-174° and showed no depression when mixed with the above tetrahy- 
droatisine obtained with platinum catalyst. 

In an experiment in which the hydrogenation with Pd was interrupted at 
the 1 moie stage the only product which crystallized as the free base was 
obtained in small yield. Found, C 76.16, H 10.65. 

After repeated recrystallization from alcohol, it melted at 171-174° and 
showed no depression with tetrahydroatisine. 

0.1 gm. of dihydroatisine with 50 mg. of platinum oxide catalyst in 
methanol rapidly absorbed 1 mole of H» in excess of the requirements of the 
catalyst. The crystalline reaction product proved to be a mixture which 
after several recrystallizations from alcohol gave 23 mg. of characteristic 
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needles of the tetrahydro derivative which melted at 172-173°. Found, 
C 76.02, H 10.50. 

A similar result was obtained when the hydrochloride of dihydroatisine 
was hydrogenated. The hydrogenated base recovered from the reaction 
mixture after repeated recrystallization melted at 172-173°. Found, C 
76.29, H 10.73. 

Atisine and Sodium-—-2 gm. of sodium were added in portions to a re- 
fluxing solution of 0.5 gm. of atisine hydrochloride in 30 ec. of absolute 
aleohol. ‘The diluted reaction mixture was extracted with ether. The 
washed, dried, and concentrated extract on careful addition of petroleum 
ether gradually crystallized. 0.14 gm. of glistening, flat, often diamond- 
shaped prisms was obtained which after recrystallization melted at 153- 
155°. A mixture with dihydroatisine melted at 150—-153°. 


lal, = —45.5° (ce = 1.01 in toluene) 
CH yO.N. Caleulated. C 76.46, H 10.22, N(CH) 4.35 
Found. (a) ‘ 76.26, ‘* 10.08 


76.11, “ 10.06, N(CH;) 2.74 


The Tschugaeff-Zerewitinoff determination was as follows: 15.475 mg. 
gave 2.0 ec. of CH, (26°, 739 mm.); there was no change at 95°. Found, 
H 0.517; calculated for 2H, 0.584. 

0.1 gm. of this substance was hydrogenated with 50 mg. of platinum 
oxide catalyst in methyl alcohol. The substance absorbed 10 ce. of He. 
The resulting base crystallized as needles from alcohol, melted at 170-172°, 
and showed no depression when mixed with tetrahydroatisine. 


CooHls;Q.N. Caleulated, C 76.02, H 10.74; found, C 76.39, H 10.67 


12.90 mg. of substance gave 1.78 ec. of CH, (26°, 739 mm.); there was 
no change at 95°. Found, H 0.552; calculated, 2H 0.581. 

Dehydrogenation of Atisine—18 gm. of atisine hydrochloride were de- 
composed with NaOH solution and the free base was extracted with ether. 
The dried extract was concentrated to dryness in a dehydrogenation ap- 
paratus. 50 @m. of selenium powder were then added, and the mixture 
was heated in a current of nitrogen for 2 hours in a salt bath kept at 340°. 

The resulting distillate was examined for basic, phenolic basic, phenolic, 
and neutral fractions. Only a small amount of basic material was ob- 
tained, which had the odor of pyridine derivatives, but nothing crystalline 
could be isolated. Appreciable amounts of phenolic or basie phenolic frac- 
tions were not present. ‘The neutral fraction contained more material but 
appeared to consist largely of unstable selenium derivatives of unpromising 
nature. 

The residue which remained in the dehydrogenation flask was finely 
ground and exhaustively extracted with ether. Evaporation of the extract 
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yielded a residue of about 11 gm. It was redissolved in ether and 35 ee. 
of 10 per cent HCl were added. After thorough shaking, the ether phase 
was separated from the acid layer, which contained considerable insoluble 
sticky tar. Investigation of the ether solution for acid or phenolic products 
proved negative. The dried ether solution yielded a residue of 5.9 gm, 
This was dissolved in benzene and passed through a chromatograph pre- 
pared with 1 pound of Brockmann’s alumina suspended in benzene.  Ap- 
proximately 3 gm. of material passed through the column with the benzene. 
This hydrocarbon fraction was set aside to be treated as described below, 
2.6 gm. of material were subsequently eluted with 5 per cent methy! alcohol 
in benzene. ‘This fraction was sublimed in an apparatus under 0.2 mm. 
pressure up to an oil bath temperature of 250°. 2 gm. of resinous sublimate 
were obtained which contained free selenium. This was removed with 


TABLE I 
Fractionation of Neutral or Weakly Basic Heterocyclic Fraction 


Analysis 
Cc H N 

meg. percent percent per cent 
1 50 | 84.52 | 10.54 
2 150 | 
3 “5 | 
4 255 | 200 150 80.54 | 9.20 
5 | 150 79.32 | 9.20 
6 ee 150 79.98 | 9.48 
7 80.13 | 10.00 4.32 
9 266 


150 


bone-black in ether solution. After removal of the solvent, the residue 
was resublimed with heating not higher than 200°. The sublimate weighed 
1.8gm. This was fractionally distilled in a fractionating apparatus witha 
column 21 ¢m. in length as shown in Table I. 

Fractions 7 and 8 crystallized from ether. Fraction 8 gave 26 mg. of 
delicate curved needles which showed a rather indefinite melting point of 
180—190°. Its properties made further purification very difficult, especially 
with the small amount of material available. 

C.,H3,0N. Caleulated. C 80.45, H 9.97, N 4.47 


Found. * 9990, ** 9.80, 421 


The analytical data approximated the figures for a formulation 
C2,H3,0N. 
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The C figure for the formula C.,H3,ON is somewhat low, but the fractions 
from Nos. 4 to 9 more or less approach the theory and it appears possible 
that this material could have been formed from atisine by the loss of an 
oxygen atom and a CHI, group with a rearrangement which rendered the 
nitrogen atom no longer strongly basic. 

The insoluble sticky tar suspended in the above acid extract was ex- 
tracted with chloroform. The latter was then shaken with 10 per cent 
NaOH. Solid material separated at the interface and was removed mech- 
anically after standing for some time. ‘The chloroform layer was separately 
investigated as given below. The solid material was dissolved in sufficient 
chloroform and the solution was dried over KeCO;. Upon evaporation a 
residue of 220 mg. remained, which was partly crystalline. After successive 
recrystallizations from acetone and chloroform pale yellow needles were 
obtained which melted at 258-261°. The analytical data proved to be in 
agreement with the calculated data for an oxygen derivative of the CisHisN 
base reported below. 


Caleulated. 80.97, H 6.38, N 5.90 


The above chloroform layer after drying and concentration yielded a 
residue which weighed 4.9 gm. It was dissolved in 50 ec. of benzene and 
chromatographed through 300 gm. of alumina in benzene. Only a small 
amount of material passed through the column with benzene or with an- 
hydrous ether alone. However, when 5 per cent methyl alcohol was added 
to the ether, a total of approximately 2.4 gm. of material was eluted from 
the column. This material was sublimed and all was collected that would 
distil under 0.2 mm. pressure and an oil bath temperature of 200°. The 
sublimate weighed 2.2 gm. It was fractionated with a fractionating col- 
umn 21 em. in length at 0.2mm. The record of the fractionation is given 
in Table IT. 

Each fraction contained approximately 150 mg. of material. Fraction 
5 was sharply crystalline, while Fractions 3 and 4 were largely crystalline. 
The fractions from Nos. 7 to 11, as directly obtained, were resins, but 
Fractions 8, 9, and 10 crystallized partially on standing. 

The Pase Cyfli,;N After two recrystallizations from ether, Fraction 5 
formed broad leaves and melted at 83-85°. It did not contain active hy- 
drogen and was therefore a tertiary base. 

Ci.eHisN. Caleulated. C 86.83, H 6.84, N 6.33 


The crystalline base with the calculated amount of picric acid gave a 
picrate from acetone as long well formed needles. It appeared to melt 
partially and change form under the microscope at 180° with the major 
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portion of the material melting at approximately 221—223°. A few erystals 
persisted to a higher temperature. 


CyeHi,sN-CeHsO7;N3. Caleulated, C 58.64, H 4.03; found, C 58.60, H 4.08 
20 mg. of the crystalline base were dissolved in 2 cc. of methyl iodide. 
Crystalline material soon separated. After 4 hours at room temperature 
the theoretical weight of the methiodide as long rods was collected. The 
melting point, 233-235°, was not changed by recrystallization. 
CizHisNI. Caleulated, C 56.19, H 5.00; found, C 56.16, H 5.02 
Fractions 1 and 2 appeared from the analysis to contain material which 


was not completely dehydrogenated. Fraction 2 was treated with 170 
mg. of picric acid, in 8 cc. of acetone. 70 mg. of vellow needles were ob- 


TABLE II 


Fractionation of Basic Material 


Analysis 


Fraction No. ny 
H 
per ceni per cent 
205 155 1. 5596 76 
2 210 155 | 5673 77 
3 213 155 1 5SS2 S7 
4 217 160 1.6300 SO 0S 48 
5 217 165 | 6411 S620 7.61 
6 220) 165 1.6150 7.76 
7 225 170 S95 
230 ISO 
240) ISO SOS] 63 
10 250 200 
11 250) 220) SO 26 OO 


tained which appeared to consist mostly of the picrate of the Cy HN 
base. On concentration the mother liquor gave an additional 164 mg. of 
yellow needles which after recrystallization melted at 210-213°.  An- 
alytical data obtained with this material, however, suggested the picrate of 
a base CopHoaN. 


3. Caleulated, C 60.90, H 6.30; found, C 61.03, 6.66 


Fraction 11 crystallized directly from a concentrated solution of ether. 
After recrystallization rosettes of needles were obtained which did not pos- 
sess a sharp melting point. However, the analytical data did not differ 
much from those directly obtained with Fraction 9 and suggested a formu- 


lation of CooHe7ON. 
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'stals Coofl.7ON. Caleulated, C 80.75, H 9.15; found, C 80.64, H 9.38 


gee 


The previously mentioned main hydrocarbon fraction was sublimed at an 
oil bath temperature of 200° and under 0.2 mm. pressure. The sublimate 
dide. was fractionated ina distillation apparatus with a column 21 em. in length 
iture under 0.2 mm. pressure as recorded in Table III. Each fraction contained 

The approximately 130 mg. of material except Fractions 1 and 20 which con- 
tained much less. 


| Tasie Ill 


hich Fractionation of Iydrocarbons ay 
170 Bath Column | Anslysis 
» ob- Fraction No temperature temperature My 
per cent per cent 
170 110 | 9.8741 
2 172 125 | 1.5788 91.10 9.25 
3 175 130 1.5792 | 90.57 9.36 
| 135 | 00.61 9.21 
5 135 6005 41.06 8.96 
| 187 138 1.6235 OL 55 8.12 
| | 1.6481 | 92.69 7.70 
9 IS6 150 1.6517 | 
10) ISS 150 1.6526 | 92.70 7.29 
ISS 145 1.6536 41 
12 INS 150 16548 | 92.64 7.50 
13 186 147 1.6558 
15 190 150) 1.6520 it 
16 193 150 1 6528 92.85 7.48 A 
17 200) 160) 1 6444 
'S 210 170 6419 91.77 8.16 
19 210 1) a 
LisN 20 25) 220 
r. of 
An- 


Fraction 2 crystallized directly in largest part and Fractions 9 to 15 

, crystallized on standing. The analytical data in general agreed with the 

figures for the C,;Hy hydrocarbon reported by Lawson and Topps (eal- 

— culated, C 92.68, H 7.32). Fractions 19 and 20 contained free selenium. 

er Fraction 20 was found also to contain crystalline hydrocarbon material. 

708- 1-Methylphenanthrene— ¥raction 2 after two recrystallizations from ether 
ffer | melted at 117-121°. 


Calculated. C 93.70, H 6.25, mol. wt. 192.1 
Found. 
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Synthetic 1-methylphenanthrene (which melted at 122-124°) gave a mix- 
ture with the above hydrocarbon which melted at 119-121°. 

8 mg. of the hydrocarbon yielded 12 mg. of picrate from ethy! alcohol as 
well formed, orange needles which melted at 137-139°. 


Calculated, H 3.59; found, C 60.00, H 3.87 


The picrate prepared from synthetic 1-methylphenanthrene melted at 
138-140° and showed no depression when mixed with that from the above 
hydrocarbon. 

The C\:;Hy. Hydrocarbon—Fraction 14 was somewhat sticky at room tem- 
perature but did not melt until a temperature of 40° was reached. Upon 
recrystallization from isopentane it formed square plates which melted at 


41-43°. 
CizHis. Caleulated, C 92.68, H 7.32; found, C 92.61, H 7.30 


The picrate crystallized from acetone as orange needles which melted 
at 129-131°. 


Cy 3. Calculated, 61.44, H 4.26; found, C 61.54, 12s 


The earlier fractions also appeared to consist largely of this hydrocarbon. 
Although Fraction 6 could not be induced to crystallize directly, it formed 
in good yield a 1,3 ,5-trinitrobenzene derivative which after recrystallization 
melted at 145-148°. 


C,7His-CeHsO5N;. Calculated, C 63.71, H 4.42; found, C 63.79, H 4.11 


The CisHigs Hydrocarbon—The major part of Fraction 18 was treated 
with 70 mg. of 1,3,5-trinitrobenzene in acetone. The product which 
crystallized after recrystallization formed fuzzy needles which melted at 
163-166°. 

CisHis-CeH;O6N;3. Calculated, C 64.40, H 4.73; found, C 64.58, H 4.50 


The hydrocarbon recovered from the trinitrobenzene derivative by redue- 
tion with Zn and HC! formed an oil which was distilled under 0.2 mm. pres- 
sure. The distillate did not crystallize. It gave the correct analytical 
figures for CysHis. 

C,;sHis. Calculated, C 92.25, H 7.75; found, C 92.17, H 7.92 

A portion of the oily hydrocarbon was treated with an equivalent of 

picric acid. After two recrystallizations from a mixture of acetone and 


ethyl alcohol, small orange needles of the picrate were obtained which 
melted at 153-156°. 


C,sHis-C7H;O7N3. Calculated, 62.18, H 4.56; found, 62.50, H 4.45 
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THE ACONITE ALKALOIDS 


IX. THE ISOLATION OF TWO NEW ALKALOIDS FROM ACONITUM 
HETEROPHYLLUM, HETERATISINE AND HETISINE 


By WALTER A. JACOBS ann LYMAN C. CRAIG 
‘From the Laboratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, January 26, 1942) 


In the course of the isolation of atisine from the roots of Aconitum hetero- 
phyllum of commercial origin, as presented in Paper VIII (1), it was noted 
that further concentration of the final mother liquors from atisine hydro- 
chloride vielded a thick solution which on longer standing gave an addi- 
tional crystalline fraction. It was then found that this fraction (10 gm. 
from 24 kilos of root) consisted essentially of a mixture of the hydrochlorides 
of two additional alkaloids. As far as it has been possible to ascertain, it 
appears that these alkaloids have not been previously deseribed.' One 
of these formed the major portion of the above mixture and most of it was 
readily separated from its companion alkaloid by virtue of its sparing solu- 


bility in benzene. It crystallized very readily from alcohol as stout prisms 


which melted at 262-267°-with decomposition and was optically active, 
a}, = +40° in methanol. The trivial name heteratisine is suggested for 
this alkaloid. 

The analytical data all conformed to the formulation C2H3;0;N. The 
alkaloid contains one methoxyl group and an N-methyl group. No un- 
saturated linkage could be detected by hydrogenation. The presence of 
a lactone group was shown by its behavior towards alkali. On reacidifica- 
tion relactonization occurred. Aside from saponification of the lactone 
group the alkaloid did not appear to be affected by alkali. The presence 
of two hydroxyl groups was indicated by the Tschugaeff-Zerewitinoff 
determination. The hydrochloride of heteratisine was also prepared. 

From the above data heteratisine, like atisine, appears to be pentacyclic 
and this fact along with the apparent occurrence of these alkaloids in the 
same plant makes it probable that they are derivatives of a common 
pentacyclic ring system. The formulation of heteratisine and its posses- 
sion of a lactone group recall in some respects observations which have 
been recorded with alkaloids obtained from Stemona species; viz., the 


' Lawson and Topps (2) were of the opinion that, ‘‘Atasine appears to be the only 
base [alkaloid] in A. heterophyllum.”’ The high yield of atisine which we have 
obtained is suggestive of the good quality of the commercial root with which we 
have worked and there appears to be no reason to believe that the new alkaloids owe 
their presence to a contaminating plant source. However, it is desirable to confirm 
our observations with botanically identified Aconitum heterophyllum. 
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stemonine Cex2H330;N of Lobstein and Grumbach (3), the tuberostemonine 
CooFlss0,;N of IXondo, Suzuki, and Satomi (4), and the unnamed alkaloid 
C'ooH,30,N obtained from Stemona sessilifolia by Schild (5). In the last 
two cases the alkaloids were found to contain a lactone group and could be 
reduced, however, to dihydro derivatives, Co.H;;O4N. 

The second alkaloid, which was obtained in very small amount and which 
ean be called hetistne, was separated from residual heteratisine most 
satisfactorily by chromatographic fractionation. It was more slowly 
eluted from the column than heteratisine and was isolated first as the 
hydrochloride. The base itself which crystallized readily from dilute 
alcohol melted at 253-256° and was also optically active, [a], = +13.7° 
in alcohol. The analytical data from both the alkaloid and its hydro- 
chloride suggested a formulation of CooH»;O;N. It contained no methoxy] 
group and the N-methy! determination appeared also to exclude the pres- 
ence of an N-methyl group.2 The Tschugaeff-Zerewitinoff determination 
indicated the presence of 3 active H atoms. Whether all of these were due 
to three hydroxy! groups has not been directly determined. The alkaloid 
appeared to be unaffected by heating with alkali under conditions which 
should have permitted the detection of ester linkages. The presence of 
at least one double bond in hetisine was shown by hydrogenation of the 
hydrochloride to the hydrochloride of dihydrohetisine. 

Our data with hetisine present a close analogy with those given recently 
for the new alkaloid kobusine, CeopHo;O2.N, described by Suginome and 
Shimanouti (6). The latter was shown to contain two hydroxyl groups, 
a tertiary N atom, and two unsaturated linkages. In the last respect a 
difference was shown, since hetisine appeared to yield only dihydrohetisine 
on hydrogenation. This is a point among others which will be studied 
further when opportunity is presented. 


EXPERIMENTAL 


Heteratisine—The mother liquors from which the final crops of atisine 
hydrochloride had been obtained as described in the previous paper (1) 
were concentrated further to a svrup. When allowed to stand for several 
weeks an additional crop of ervstals gradually formed. After collection 
with cold 95 per cent alcohol roughly 10 gm. were obtained from 24 kilos 
of atis root. This proved to be a mixture of alkaloid salts. 7.9 gm. of 
this mixture were decomposed in aqueous solution with excess alkali and 
the precipitated alkaloid was extracted with chloroform. The extract on 
concentration yielded a residue which when dissolved in benzene readily 


2 The N(CH;) determinations gave results, riz. 1.01 and 1.28, which were far too 
low for the ealeulated 4.1. While such results cannot be ignored, they may have 
been due to a C(CH3) rather than an N(CH);) group. 
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erystallized. After collection with benzene 3.2 gm. of the new alkaloid 
were obtained. | 
After recrystallization from 95 per cent alcohol it formed short, stout, 
often rhombic or trapezoidal prisms, which melted gradually at 262-267° 
to a colorless mass which slowly effervesced. The alkaloid is rather spar- 
ingly soluble in the usual organic solvents. 
la]i = +40° (ec = 1.07 in methyl alcohol) 
CyH,;0;N. Caleulated. C 67.47, H 8.50, N 3.58, OCH; 7.93, N(CH;) 3.84 
Found. (a) ‘ 67.57, “ 8.40, OCH; 8.14, N(CHs) 3.08 
(b) ** 67.30, 8.51, N 3.56 
The molecular weight was determined in camphor by the Rast method. 
Molecular weight calculated, 391.27; found, 394. 
The Tschugaeff-Zerewitinoff determination showed the presence of 2 
active H atoms. Calculated, 2H 0.515; found at 25°, 0.521; at 95°, 0.532. 
0.1 gm. of the alkaloid was boiled in a 10 per cent methyl alcoholic solu- 
tion of NaOH for 1 hour. The colorless solution remained clear on dilution 
and yielded nothing on extraction with chloroform. However, when the 
solution was acidified with an excess of HoSO, for relactonization and then 
again made alkaline, a turbidity followed by crystallization occurred. 
The crystalline base was extracted with chloroform. The extract gave a 
residue which ervstallized from alcohol in the form characteristic of the 
alkaloid used. It is apparent that relactonization of a saponified lactone 
group occurred. The product melted gradually from 261-266° with slow 
effervescence. 
= +40° = 1.00 in methyl alcohol) 
Found. C 67.67, H 8.61 


The hydrochloride prepared from this base separated from alcohol-ether 
as rhombic platelets, the melting point of which depended upon the rate 
of heating. It slowly melted with decomposition at 265-270° after pre- 
liminary darkening and softening above 255°. 

For analysis it was dried at 110° and 2 mm. 


Co.oHy,0,NCL. Caleulated, C 61.72, H 8.01; found, C 61.38, H 7.91 


The benzene mother liquor from which the above alkaloid had crystal- 
lized was brought to a volume of 50 cc. and chromatographed through 150 
gm. of Al,O; (Merck and Company, Inc.). An attempt was first made to 
elute with benzene but even after 550 ec., collected in 50 ec. fractions, had 
passed through, no appreciable material was eluted from the column. On 
changing to 1 per cent methanol in benzene again no appreciable effect was 
noted. 4 per cent methanol was then employed. This eluent soon re- 
moved a band from the column which consisted essentially of more of the 
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above alkaloid. 0.5 gm. of the latter crystallized readily from benzene in 
characteristic form. It gradually melted at 262—265° with slow efferves- 
cence after preliminary softening. Found, C 67.80, H 8.39. 

Hetisine——On continued elution of the column with 4 per cent methanol 
in benzene no further sharp band was obtained but a very gradually dimin- 
ishing amount of material continued to be eluted. Following the above 
sharp band succeeding volumes of 50 ec. of eluent at first vielded about 70 
mg. of solid residue and after about twenty additional fractions had been 
collected this dropped to about 30 mg. When finally 10 per cent methanol 
was used, a sharp band was again eluted which was found to have practi- 
cally exhausted the column. 

Since the alkaloid in these fractions did not appear to crystallize directly, 
a number of succeeding fractions were combined for conversion into the 
hydrochlorides which were found to crystallize. Thus Fractions 35 to 39 
were combined. The residue obtained on concentration was dissolved in 
a minimum of 95 per cent alcohol and converted into the HCI salt. The 
latter, 0.1 gm., formed small flat needles or prisms which decomposed at 
300° after preliminary sintering. 

CopHysO3NCI]. Caleulated. C 65.63, H 7.72, N 3.83, Cl 9.70 


The combined Fractions 42 to 47 yielded 0.14 gm. of hydrochloride which 
melted with decomposition at 306-308° after preliminary softening. 
Found, C 65.55, H 7.46. 

Finally Fractions 51 to 56 which consisted of the sharper band eluted 
with 10 per cent methanol in benzene gave 0.3 gm. of a hydrochloride which 
melted with decomposition at 307-308°. Found, C 65.37, H 7.63, N 3.85, 
Cl 9.37. 

The second and third of these hydrochlorides were combined for isolation 
of the free base. On treatment of the aqueous solution with dilute NaOH a 
pasty mass precipitated. When extraction with benzene was attempted, 
erystallization rapidly occurred and the material proved to be too insoluble 
in benzene. Even a relatively large volume of chloroform was required to 
extract the alkaloid. The concentrated chloroform extract was dissolved 
in a small volume of 95 per cent alcohol. On careful dilution the alkaloid 
erystallized readily as broad flat needles or platelets which sintered above 
245° and gradually melted at 253-256°. 
| la]p = +13.7° (c = 1.02 in 95 per cent alcohol) 


CopHo7O3N. Caleulated. C 72.90, H 8.27, N 4.26 
Found. 723," 804,“ 40; C 72.84, 


The sparing solubility of the alkaloid in camphor made unreliable the 
attempts at a molecular weight determination. The active hydrogen de- 
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termination was as follows: 13.980 mg. of substance gave 3.05 cc. of 
CH, (25°, 734.5 mm.); at 95° there was no change. Found, 0.87; calcu- 
lated for 3H, 0.918. 

As a control a portion of the crystalline alkaloid was reconverted into 
the hydrochloride. This now melted with decomposition at 325° (uncor- 
rected). Found, C 65.80, H 7.72. 

The alkaloid did not appear to be affected by alkali. <A solution of 0.15 
gm. of the hydrochloride in 4 ce. of 10 per cent methyl alcoholic NaOH was 
refluxed for 1 hour. The colorless mixture after dilution was extracted 
with chloroform. The residue obtained after concentration of the extract 
was reconverted into the hydrochloride. This melted with decomposition 
at 315° (uncorrected). Found, C 65.52, H 7.72. 

Dihydrohetisine—0.1 gm. of the hydrochloride of the above alkaloid was 
hydrogenated in methyl alcoholic solution with 50 mg. of platinum oxide 
catalyst under 3 atmospheres pressure. Absorption was prompt and prac- 
tically completed within 10 to 15 minutes. After several hours the ab- 
sorption of H. was about 8 ec. in excess of that required by the catalyst, 
calculated for 1 mole, about 6 ce. The product crystallized readily from 
aleohol-ether as needles which after recrystallization decomposed at 333° 
(uncorrected) after preliminary softening and darkening. 


CooH ~O3;NCIl. Caleulated, C 65.27, H 8.22; found, C 65.30, H 8.16 
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THE ACONITE ALKALOIDS 
X. ON NAPELLINE 


By LYMAN C. CRAIG ann WALTER A. JACOBS 
(From the Laboratories of The Rockefeller Institute for Medical Researcn, New York) 


(Received for publication, February 4, 1942) 


A few years ago (1937) Freudenberg and Rogers (1) reported the isolation 
of a new alkaloid, napelline, from the amorphous mixture of residual bases 
which had been obtained in the preparation of aconitine (Merck) from the 
roots of Aconitum napellus. Analyses of the alkaloid and a number of its 
salts indicated a formula C22H3;03N for the base. The only additional data 
presented since appear to be the brief announcement by these workers (2) 
of the isolation of a hydrocarbon C,;Hi. in dehydrogenation experiments. 
The identity of the product with the C:;His hydrocarbon described by 
Lawson and Topps (3) as a dehydrogenation product of atisine was sug- 
gested. The hydrocarbon was characterized analytically only as the 
picrate (m.p. 130°), although the trinitrobenzene derivative (m.p. 138°) 
was also recorded. 

In an effort to obtain a broader comparative basis for the suspected struc- 
tural relationship of the simpler alkaloids of the atisine, staphisine, napel- 
line, etc., group with the somewhat more complicated alkamines of the 
aconitine-delphinine group, we have recently extended our study to 
napelline. By following essentially the procedure of Freudenberg and 
Rogers the base was isolated as the hydrobromide. Analyses of different 
samples of this salt were in fair agreement with their formula of C22H33O3N -- 
HBr. An N-alkyl (presumably methyl) but no methoxyl group was found 
to be present. The Tschugaeff-Zerewitinoff determination on the sublimed 
base showed the presence of 3 active H atoms presumably due to three 
hydroxyl groups. On hydrogenation of the hydrobromide, approximately 
1 mole of H, was absorbed, and analysis of the resulting salt supported the 
formulation ;;0;N-HBr of a dthydrenapelline hydrobromide. This 
was undoubtedly a mixture of isomers. A relatively small fraction of the 
liberated base crystallized from ether but exhibited an indefinite melting 
point. The analytical results obtained with the crystalline base, however, 
were not in agreement with the calculated figures, since the H results were 
too low. However, on reconversion to the HBr salt the analytical results 
again approached the requirements of a dihydro derivative. No explana- 
tion for this discrepancy has been found. 

On the basis of the absorption of hydrogen only one double bond has 


611 


ag 
; 
z 


{ 
| 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
gi 
| 
| : 
ef 
| 
38 
“4 
af 
+4 
is 
| 
| 
} 
i] 
| 


612 ACONITE ALKALOIDS. X 


been directly shown in the molecule and because of the presence of three hy- 
droxy! groups the alkaloid would appear to be hexacyclic. However, atisine 
has been shown with some certainty to be of pentacyclic nature. It is 
quite possible that napelline also is pentacyclic and possesses a second 
double bond which is very difficult to hydrogenate. 

We have attempted a repetition of the study of the dehydrogenation of 
napelline which was very briefly reported by Freudenberg and Rogers. 
The main product was a mixture of hydrocarbons which, however, with the 
amount available, proved difficult to separate by fractionation alone. One 
of the first fractions did not crystallize directly but yielded a picrate which 
melted at 142-146° and from the analysis appeared to be the picrate of a 
dimethylphenanthrene (or ethylphenanthrene). 

The hydrocarbon produced in relatively largest amount melted at 76-799, 
The analysis of the latter and of its derivatives agreed with the formulation 
C,sHis. The ultraviolet absorption spectrum curve,! as given in Fig. 1, 
strongly points to an alkylphenanthrene, perhaps a tetramethylphenan- 
threne. It formed a picrate which melted at 132-134° and a trinitro- 
benzene derivative which melted at 150—-153°. 

We have been unable, however, to confirm the formation of the hydro- 
earbon C,;His such as reported by Freudenberg and Rogers, which they 
suggested to be identical with the characteristic atisine dehydrogenation 
hydrocarbon. The melting point 132-134° of our picrate is close to that 
of 130° reported by these workers for their picrate. It is possible they had 
in hand the C,sHis picrate. The lower melting point of 138° given by them 
for their trinitrobenzene derivative as against the above melting point of 
150-153° could have been due to contamination. 

An appreciable crude basic fraction was also produced during the dehy- 
drogenation. From this, however, after preliminary rough fractionation 
a crystalline picrate was obtained in very small yield. Analysis of this 
suggested a formulation C,;Hi7;N for the base. The melting point of the 
picrate, 233-237°, was higher than that of 206° recorded by Lawson and 
Topps for the picrate of the C,7Hi;N base described by them as a product 
from atisine. 


EXPERIMENTAL 


Napelline—The alkaloid was isolated from amorphous aconitine (Merck 
and Company, Inc.) essentially as described by Freudenberg and Rogers 
(1). The hydrobromide agreed closely in properties with those recorded 
by them. The melting point, or rather decomposition point, varied some- 
what with individual fractions. This was usually 227-230° after pre- 


‘The absorption spectra curves were very kindly determined by Dr. George I. 
Lavin of The Rockefeller Institute for Medical Research. 
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liminary softening and discoloration, although some fractions decomposed 


at 237-240°. 
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Fig. 1. Absorption spectrum curves in ethyl alcohol solution. @ = 
= phenanthrene. 


For analysis it was dried at 110° and 2 mm. 


Calculated. 


Found. 


(a) 
(h) 
(c) 
(d) 
(e) 


Lid 
3200 3400 3600 


C 59.97, H 7.78, N(CH;) 3.41 


59.57, 


The methoxyl] determination was negative. 
The free base was liberated from a sample of the salt with 10 per cent 
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NaOH and extracted with warm benzene. The extract after drying over 
KeCO; was concentrated to dryness in a molecular still. The free base 
distilled at a bath temperature of 140-150° and 0.1 4. The solid distillate, 
which was possibly amorphous, melted at 85-88°. The molecular weight 
was determined in camphor. 
CooHs2305N. Caleulated. C 73.48, H 9.26, mol. wt. 359.27 


The Tschugaeff-Zerewitinoff active H determination was as follows: 
10.455 mg. of substance gave 2.32 ec. of CH, (27°, 731.5 mm.); at 95° 
there was no change. Found, H 0.876; calculated, 3H 0.841. 

Dihydronapelline—0).2 gm. of napelline hydrobromide was hydrogenated 
in methyl alcoholic solution with 50 mg. of platinum oxide catalyst under 
about 3 atmospheres pressure. About 10 cc. of H. was absorbed by the 
substance, or roughly 1 mole. The concentrated solution on addition of 
ether yielded delicate needles which melted at 256-258° after preliminary 
sintering. 


Calculated. 59.70, H 8.20 
Found. (a) ‘ 59.70, 8.02; (b) C 59.42, 8.06 


The free base was obtained after decomposition of the salt with 10 per 
cent NaOH and extraction with ether. The extract after drving over 
KkeCOs vielded from the concentrated solution delicate needles which gave 
a micro melting point of 145-160° with a few crystals persisting up to 165°. 
The major portion remained dissolved in the mother liquor. A mixture 
of substances was obviously produced and with the amount of material 
available no attempt at further separation could be made. The analytical 
results obtained with the crystalline material are difficult to explain. The 
hydrogen figures from several experiments were too low. 


Caleulated. 73.07, H 9.76 
Found. (a) ‘‘ 72.71, “ 9.22; (b) C 72.83, H 9.30 


The crystalline base was reconverted into the hydrobromide. The latter 
formed woolly masses of needles which, however, now gradually softened 
to a resin at 226-230°. Found, C 59.28, H 8.14. 

Dehydrogenation of Napelline—15 gm. of napelline hydrobromide were 
shaken with 10 per cent NaOH and sufficient ether to extract the liberated 
base. The ether extract was dried over KeCO; and evaporated to dryness 
under reduced pressure. 11 gm. of the resulting resin were ground with 
35 gm. of selenium and after the air had been replaced by nitrogen, the 
mixture was heated at 340° for 2 hours. 

The volatile material which condensed in the ice trap was mixed with 
ether and the solution was shaken with a slight excess of acid. The dried 
ether layer after evaporation gave approximately 0.34 gm. of oil which 
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could be distilled but contained selenium. It did not yield crystalline 
material. The acid aqueous layer was made strongly alkaline with NaOH 
and then extracted with ether. The aqueous alkaline layer contained no 
phenolic material. The ether layer yielded 0.1 gm. of oily residue which 
possessed the odor of pyridine bases but gave only a small amount of oil 
upon distillation. This distillate was unstable and did not yield to further 
investigation. 

The undistilled residue from the dehydrogenation mixture was finely 
pulverized and exhaustively extracted with ether. The ether extract was 
shaken with 30 ec. of 10 per cent HCl. The acid layer contained a suspen- 
sion of sticky tar which was readily extracted with chloroform and was 
evidently composed of mixed hydrochlorides of basic material. The 


TABLE 
Fractionation of Hydrocarbons 


Cc | H 

c. c. me. | per cent per cent 
2 135 120 aa 9.19 
3 | 145 120 8.30 
4 | 185 155 | 120 a > oe 8.07 
5 185 165 120 7.89 
6 IS5 168 | 120 | «©... 81 | 8.30 
7 195 164 | 120 > ate 
q | 215 170 | 120 | 91.66 8.18 
10 | 230 185 120 89.28 8.48 
11 | 230 220) | 120 | 


12 230 220 30 


aqueous layer which remained after extraction with chloroform contained 
practically no further salts of basic compounds. ‘The chloroform solution 
was shaken with sodium hydroxide in order to yield a solution of free bases. 
After concentration to dryness in a sublimation apparatus, 1.3 gm. of a 
mixture were obtained. On fractionation 0.28 gm, of viscous resin dis- 
tilled up to a bath temperature of 200° under 0.2 mm. pressure. This 
sublimate was placed in a microdistillation flask under 0.2 mm. pressure 
and again distilled. 0.16 gm. of viscous oil distilled up te 200°. Since it 
could not be erystallized as such, it was finally treated with 0.15 gm. of 
pieric acid. 30 mg. of a picrate crystallized from acetone and after recrys- 
tallization the micro melting point was 233-237°. 
Cy;HyzN-CsHsO;N 3. Calculated, C 59.46, H 4.34; found, C 59.27, H 4.10 


The above ether extract from the original dehydrogenation melt which 
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remained after extraction with HCI was dried over KeCO; and evaporated 
to dryness. The residue weighed 2.95 gm. This was dissolved in 50 ee, 
of benzene and chromatographed through 250 gm. of Brockmann’s alumina 
in benzene. 1.8 gm. of the material were not retained by the adsorbent and 
passed through the chromatograph with the original solvent. 

This material was placed in a sublimation apparatus under 0.2 mm. pres- 
sure and all was collected which sublimed up to a bath temperature of 200°, 
The sublimate amounted to 1.5 gm. It was a viscous oil which did not 
crystallize. It was fractionated in a micro fractionating apparatus with a 
22 em. column at 0.2 mm. pressure, as recorded in Table I. 

All of the fractions were of hydrocarbon character, as shown by the 
analytical data. Fractions 11 and 12 contained free selenium. Fraction 
1 did not crystallize as such or as a picrate. 

Fraction 2 did not crystallize directly but when treated with 50 mg. of 
picric acid in alcohol, 47 mg. of reddish brown needles of the picrate were 
obtained which after recrystallization showed a micro melting point of 
142-146°. 


Caleulated, 60.66, 3.93 ; found, 60.79, 3.86 


Fractions 5 to 8 crystallized on standing and careful examination showed 
them to consist chiefly of a CysHis hydrocarbon. Fraction 5 gave satis- 
factory analytical data for this substance without further purification. 
However, it did not possess a sharp melting point. After repeated recrys- 
tallization from ether, it formed rosettes of well formed columns which 
showed a micro melting point of 76-79°. 

C,sH;s. Caleulated, C 92.25, H 7.75; found, C 92.37, H 7.74 

The hydrocarbon with an equivalent of picriec acid vielded a picrate from 
a mixture of acetone and ethyl alcohol. After recrystallization it formed 
orange needles the micro melting point of which was 132-134°. 

C.sHis-C.H:O7;N. Caleulated, C 62.18, H 4.56; found, C 62.46, H 4.51 


The 1,3,5-trinitrobenzene derivative crystallized from acetone and after 
recrystallization formed rosettes of yellow needles which melted at 150—153° 
(micro melting point). 

C,<His-CsH;0.N;3. Calculated, C 64.40, H 4.73; found, C 64.23, H 4.71 

The hydrocarbon recovered from both the picrate and trinitrobenzene 
derivative did not differ in properties from the original hydrocarbon purified 
by direct recrystallization. 
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CYCLIC VARIATIONS IN THE LIPIDS OF THE CORPUS 
LUTEUM* 


By SIDNEY WEINHOUSE ann JOHN I. BREWER 


(From the Henry Baird Favill Laboratory of St. Luke’s Hospital and the Department 
of Pathology of the University of Chicago, Chicago) 


(Reeeived for publication, January 31, 1942) 


The concept that the phospholipid content of a tissue is a function of its 
metabolic activity, first suggested by Mayer and Schaeffer (1), received its 
greatest support from the work of Bloor and his associates on the corpus 
luteum (2), mammary gland (3), tumors (4, 5), and muscles (6-8). Other 
workers, however, were unable to demonstrate such a relationship (9-12). 
The effect of metabolic activity on the cholesterol content has been studied 
less extensively. The results of Bloor (7) indicate that increase in activity 
of muscles is associated with lowered cholesterol levels. 

The fact that the corpus luteum undergoes a cycle of development and, 
in the absence of impregnation, retrogression makes this organ ideal for a 
study of the relationship between lipid content and physiological activity. 
The present work was undertaken with this purpose in mind. 

Early chemical studies of Chauffard, Laroche, and Grigaut (13), Rosen- 
bloom (14), Fenger (15), and Corner (16) demonstrated the presence in the 
corpus luteum of large amounts of phospholipid and smaller, though 
variable, quantities of cholesterol, fats, and cholesterol esters. Kaufmann 
and Raeth (17) made lipid analyses of twenty-four human corpora lutea. 
At the height of function, namely in the ‘‘bloom” stage or during pregnancy, 
they reported that the lipids were not decreased, as early histological evi- 
dence indicated; there was an actual increase in the “lecithin.’”’ Bloor, 
Okey, and Corner (2) in a chemical and histological investigation of the 
corpus luteum of the sow found a marked variation in the phospholipid 
content with activity of the gland, and a similar, though less pronounced, 
variation in the free cholesterol. Cholesterol esters varied inversely with 
activity of the gland. 


EXPERIMENTAL 


The corpora lutea for this study were obtained from operations performed 
by members of the gynecology staff of St. Luke’s Hospital of Chicago. 
The organ, dissected from the ovary in the operating room, was separated 

* Aided by the Watson K. Blair and Albert B. Kuppenheimer funds. 

Presented before the Division of Biological Chemistry of the American Chemical 
Society at Atlantie City, September, 1941. 
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in the laboratory into two approximately equal parts, one for cytological 
and one for chemical study. The portion for chemical study was weighed, 
ground without sand in a mortar, and transferred to a weighed paper thim- 
ble. The tissue was extracted with absolute alcohol for 12 hours in a 
Soxhlet apparatus, then for 4 hours with ether. The combined extracts 
were evaporated and the residue dissolved in 25 ml. of petroleum ether, 
Weighing of the thimble after extraction gave the weight of the non-lipid 
residue. This procedure allowed the calculation of the moisture content 
as the difference between the moist weight of the tissue and the sum of the 
lipid extract and the non-lipid residue. 

10 to 25 ml. aliquots of the petroleum ether extract were used for the 
lipid analyses. When material permitted, they were carried out in dupli- 
cate. The phospholipids were precipitated by the method of Bloor (18), 
separated into ether-soluble and ether-insoluble fractions, and lecithin, 
cephalin, and sphingomyelin were determined according to Ixirk (19), 
except that phosphorus estimations were carried out by a photoelectric 
modification of the method of Fiske and Subbarow (20). Cholesterol, 
free and total, was determined on suitable aliquots of the acetone-soluble 
fraction by the method of Schoenheimer and Sperry (21). The glvceride 
fraction was estimated by oxidation of the acetone-soluble lipids and sub- 
traction of the cholesterol equivalents.' 


Results 


The values obtained for the lipids of the human corpus luteum are in 
Table I. The specimens are arranged for convenience in five age groups 
designated according to convention as young (proliferating), vascularizing, 
early and late bloom, and regressing. Values for the corpora lutea of 
pregnancy, which varied in age from 2} to 4 months, also are included. 
The corresponding age range, counted from the day of ovulation, is in the 
adjoining column. As the variations in moisture content in each group or 
between the groups are slight, no changes worthy of note would be produced 
by calculating the lipids on the basis of dry weight. 

Free Cholesterol—Throughout the periods of growth and development 


1 In following the original procedure of Bloor (22) we experienced considerable 
difficulty in getting reproducible factors on the pure lipids. This was traced to 
unevenness of temperature in the oven and to the use of silver, which greatly de- 
creased the stability of the dichromate. The method was modified by elimination 
of the silver and by heating the tightly stoppered flasks for a half hour in an autoclave 
at 18 pounds pressure (124°). Loss of dichromate in this procedure was negligible, 
even when the time of autoclaving was doubled. The oxidation factors for the 
pure substances were somewhat low: 3.48, 3.62, and 3.71 compared with theoretical 
values of 3.60, 3.76, and 3.92 ml. of 0.1 N dichromate per mg. of stearic acid, cholesterol 
stearate, and cholesterol respectively; but they were consistent and reproducible. 
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and during pregnancy the free cholesterol remained fairly constant at about 
0.2 per cent of the fresh, moist tissue. Only during the regressing phase js 
the average value increased to 0.33 per cent. This value is somewhat mis- 
leading because, of the eight corpora lutea of this group examined, two gave 
free cholesterol values of 0.59 and 0.67 per cent respectively. If these two 
are disregarded, the average of the remaining six, 0.22 per cent, is not 
significantly different from those of the other groups. 

Cholesterol Esters—During the first 10 days there is a slight decline in 
cholesterol esters, but beginning in the late bloom period, there is a striking 
increase which reaches its maximum during regression. Minimum values 
for cholesterol esters were observed in the corpora lutea of pregnancy, 
Though the average values decline during the developmental stages, there 
is a wide range of variation with considerable overlapping. A significant 
decrease was observed only in the actively functioning corpus luteum of 
pregnancy. 


TABLE II 
Lecithin, Cephalin, and Sphingomyelin Content of Corpora Lutea in Per Cent of Total 
Phospholipid 
State of development Lecithin Cephalin ae 
....... | 49 .2 | 41.2 
Regression... Peat | 46.7 | 39.2 14.1 
Pregnancy... 49.2 | 41.3 9.5 


Phospholipid—A gradual, steady increase in phospholipid occurs with 
age of the gland, reaching a maximum of about 2 per cent during the bloom 
period and declining thereafter. Even during regression, the average, 1.7 
per cent, is somewhat higher than the 1.3 per cent in the stage of prolifera- 
tion. The consistently higher phospholipid values for the corpus luteum 
of pregnancy average 2.64 per cent. The average phospholipid values 
found here are considerably lower than those reported by Bloor, Okey, and 
Corner (2) for the corpus luteum of the sow, but are higher than the figures 
of Kaufmann and Raeth (17) for human corpora lutea. The values ob- 
tained by the latter authors are low, probably because they dried the tissues 
at 100° before extraction, a procedure now known to result in low phospho- 
lipid recovery. All three studies, nevertheless, concur in the finding of 
higher phospholipid values during periods of active function. 

Phospholipid Partition—As shown in Table II, the proportions of the 
three types of phospholipid remain essentially constant in spite of marked 
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changes in the total phospholipid. The lecithin proportion is highest in 
the young corpora lutea at 52 per cent and lowest during regression, but 
the slight differences are not significant because of the variation in the 
proportions of individual phospholipids in each group. On the whole, 
approximately 50 per cent lecithin, 40 per cent cephalin, and about 10 per 
cent sphingomyelin constitute the corpus luteum phospholipid, the pro- 
portion remaining about the same regardless of the stage of development 
of the corpus luteum. ‘The distribution pattern for the individual phospho- 
lipids resembles that found by Thannhauser and coworkers (23) for lung, 
spleen, kidney, liver, and heart, despite differences in the methods of 
analysis. 

Glycerides— Glycerides, like the cholesterol esters, are relatively constant 
during developmental and functional periods, showing a rise only during 
the regressive phase. As this is the least accurately determined lipid, and 
as individual variations are great, their relation to activity of the gland 
is inconclusive. 


DISCUSSION 


Of the lipids studied, the most marked changes were observed in the 
cholesterol esters and phospholipids. Their relation to the functional 
activity of the human corpus luteum is clear. As the organ develops 
after ovulation, the phospholipids increase steadily, whereas the cholesterol 
esters remain constant or decrease slightly. If impregnation of the ovum 
occurs, functional activity continues at a high level; the corpus luteum of 
pregnancy is characterized by maximum phospholipid and minimum choles- 
terol esters. If, however, fertilization does not ensue, the gland has ful- 
filled its function, and at about the 10th day of its life, degeneration begins, 
with an abrupt rise in cholesterol esters and a simultaneous gradual de- 
crease in phospholipid. 

In discussions of the relation of lipids to physiological activity, signifi- 
eance has been attached to the ratio of phospholipid to cholesterol (24). 
This study indicates that changes in this ratio are only reflections of changes 
in the phospholipids, the cholesterol remaining relatively constant in spite 
of wide variations in functional activity of the gland. Only during de- 
generation, when cholesterol ester is high, is there a notable decrease in the 
ratio of phospholipid to total cholesterol. Similarly, the relation of total 
cholesterol to free cholestercl undergoes no marked variation with activity, 
though it is somewhat lower during periods of active function. Changes 
observed in the ratio are due solely to changes in the combined cholesterol. 

The origin of the excess cholesterol esters during the regressive phase is 
uncertain. Bloor, Okey, and Corner remarked that the increase in con- 
centration of total cholesterol in the degenerating corpus luteum of the 
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sow may be explained solely by the decrease in size of the gland during 
this period; according to this study, however, a 3-fold rise in total choles- 
terol is already evident in the late bloom period, when no shrinkage of the 
gland is obvious. 

Sinclair (25), on the basis of differences in the activity of phospholipids 
from different parts of the body, has suggested that probably two types of 
phospholipid exist: the active metabolic, which has a high rate of fatty aeid 
turnover, and the inactive, whose role is structural rather than metabolie. 
If such differences exist in the respective functions of the lecithin, cephalin, 
and sphingomyelin, variations would be expected in their proportions ae. 
cording to the activity of the tissue. 

Although the partition method is cnly approximate, the lack of signifi- 
cant differences in the relative proportions of the three phospholipids with 
variations in the activity of the corpus luteum suggests that metabolic 
and structural functions of the phospholipids are not connected with the 
known chemical differences between them. 


SUMMARY 


Free cholesterol remains relatively constant throughout all stages of 
development of the human corpus luteum. ‘The cholesterol esters remain 
constant or decline slightly with increasing activity, reaching their lowest 
values in the actively functioning corpus luteum of pregnancy. In the 
regressive phase, cholesterol esters increase to about 5 times their value 
during functional periods. 

Phospholipids increase gradually with age of the organ, reaching maxi- 
mum values during maximum function. They decline slightly during 
regression. 

The glycerides do not vary appreciably in the developmental stages of 
the organ. A large increase is observed during regression. 

The cyclic variation in the phospholipids is not accompanied by signif- 
icant changes in the relative proportions of lecithin, cephalin, and sphingo- 
myelin. 
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THE BLOOD LACTATE-PYRUVATE RELATION AND ITS USE IN 
EXPERIMENTAL THIAMINE DEFICIENCY IN 
PIGEONS 


By LK LMER STOTZ ann OTTO A. BESSEY 


From the Department of Biological Chemistry, Harvard Medical School, Boston, and 
the Biochemical Laboratory of the McLean Hospital, Waverley, Massachusetts) 


(Reeeived for publication, February 20, 1942) 


Pyruvie acid occupies an important position in the chain of reactions 
constituting carbohydrate breakdown in animal tissues. Not only does 
it appear to be the immediate precursor of lactic acid, but it is probably 
the substance immediately preceding the further breakdown of the 3-car- 
hon intermediates (1), 

Of the various pathways postulated by which pyruvie acid may be 
metabolized, all appear to involve the use of thiamine diphosphate (co- 
carboxylase) (2). The actual level of pyruvate in the tissues, however, 
is dependent on many other factors. Thus it has been recognized that, in 
addition to thiamine deficiency, even mild degrees of exercise (3) and 
glucose ingestion (4) cause increases of blood pyruvate. — It is, therefore, 
hazardous to depend solely on a blood pyruvate estimation for detection 
of a thiamine deficiency. ‘These facts combined with inadequate analytical 
methods have contributed to the confusion as to the value of blood pyruvic 
acid analysis for the detection of thiamine deficiency (5-8). 

It has been known for some time that exercise (9) and anoxia (10, 11) 
give rise to increases in blood lactate. 

As a result of blood studies preceding and following the exercise and 
anoxia of electric shock convulsions, a rather close relation was noted 
between the blood pyruvate and lactate levels. Such a relation also existed 
in Various states of exercise, excitement, anoxia, and food consumption in 
spite of wide fluctuations of the absolute lactate and pyruvate levels. 
This would indicate that the equilibrium between these two substances 
is quite rapidly established, although a recent note by Friedemann and 
Barborka (12) indicates that, even after mild exercise, a definite period 
of 5 to G minutes may be required to establish normal lactate-pyruvate 
relations, 

With the use of such a relation, it was possible to examine more closely 
the effect of thiamine deficiency on pyruvate metabolism as reflected in 
the blood, in spite of fluctuations of the absolute levels produced by 
difficultly controlled factors of experimentation, A marked change in the 
blood Inetate-pyruvate relationship coincident with thiamine deficiency 
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has been noted in pigeons, in fact a correlation with the degree of defj- 
ciency. ‘Thus in spite of the apparent close relation between lactate and 
pyruvate under most conditions, the decreased removal of pyruvate in 
thiamine deficiency leads to establishment of an abnormal lactate-pyruvate 
relation. The use of the relation is of particular value in experimental 
animals or subjects in which a controlled state of activity is difficult to 
maintain. 

rhe object of this paper is to present proof of the constancy of the 
lactate-pyruvate relations under various conditions in humans, rats, and 
pigeons, and to illustrate the changes in this relation during controlled 
acute and chrome thiamine deficiency in pigeons. 


EXPERIMENTAL 


Blood was collected from the brachial veins of humans, stasis being 
avoided, and oxalate-iodoacetate was employed as recommended by 
Bueding and Wortis (13). Rat blood was collected by heart puncture or 
severing of the neck, with. collection directly into oxalate-iodoacetate, 
Pigeon blood (0.6 cc.) was collected from the wing vein. A 1:5 trichloro- 
acetic acid filtrate of the bloods (1:8 for pigeon blood) was prepared within 
5 minutes of blood collection, 

Pyruvic acid analyses were run on 3 ce. samples of the filtrate by the 
2 4-dinitrophenylhydrazone procedure described by Bueding and Wortis 
(13). The final color was determined with a Coleman DM _ spectropho- 
tometer at A = 440 my; a standard curve prepared with sodium pyruvate 
standardized by bisulfite-iodine was employed. 

Lactie acid determinations were performed on the appropriate dilutions 
of the trichloroacetic filtrates by the p-hydroxydiphenyl reaction employed 
by Miller and Muntz (14) and the modification of Ikoenemann (15). 
The modifications introduced by Barker and Summerson (16) involving 
copper lime treatment of the filtrates for removal of glucose and addition 
of Cut* to increase the sensitivity of the color reaction were introduced 
only after this work was completed. We have since compared several 
bloods by this method and the older method employed in this work, 
and find that our lactic acid results may be 4 to 7 per cent too high. Al- 
though the newer method is to be recommended, the use of the older 
method involves a negligible correction of the results here reported and 
does not change their interpretation. 


Lactate-Pyruvate Relations in Humans and in the Rat 


The data collected from experimentation with humans were on normal, 
depressed, and schizophrenic subjects, no difference being noted between 
the groups. The values above 60 mg. per cent of lactic acid were in gen- 
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eral obtained in patients 5 to LO minutes after electric shock convulsions, 
in which a condition of exercise and anoxia both play a réle in elevating the 
blood lactate. In some cases, successive samples were taken on the same 
individual during the period following the convulsion. ‘The lower values 
were obtained on both normal and psychotic patients at various degrees 
of rest, following mild exercise, and following consumption of glucose or 
ordinary meals. Since under these various conditions a fixed relation was 
found between lactate and pyruvate, all the data have been included in 
a single graph (see Fig. 1). Our object in this paper has been to inelude 
a large number of individuals (58 subjeets) under the varied conditions 
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hig. 1. Blood laetate-pyruvate relations in) humans. 
hic. 2. Blood lactate-pyruvate relations in rats. 


likely to be encountered rather than to make an intensive study of a few 
subjects. 

The data collected on rats were on normal animals under various con- 
ditions of rest. In these animals, a controlled state of rest is more diffi- 
cult to attain than in humans. Some of the lower lactate values were 
obtained only after cord resection, the higher ones after exercise and mild 
degrees of anoxia. The results are plotted in Fig. 2. 

An examination of Figs. 1 and 2 shows that, in spite of individual varia- 
tions and the varied experimental conditions referred to, there is a definite 
relation between the blood lactate and pyruvate levels. Above a blood 
lactic acid of 20 mg. per cent, the points fall on a line which would, in the 
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‘ase Of humans, intercept the axis at 1.05 mg. per cent of pyruvic acid, in 
the case of the rats, at 1.6 mg. per cent. Below 20 mg. per cent of lactie 
acid, the points fall on a line extending to the origin. It 1s possible that 
above 20 mg. per cent of lactic acid the muscles determine in large part 
the lactate-pyruvate relations, and below 20 mg. per cent, the other tissues, 


TaBLe | 
Blood Pyruviec Acid Eacesses (PAczeess) in Pigeons during Thiamine Deficiency 


PAcxeess = PAgouna — PAecaic. The values are given in mg. per cent. 


4 days 11 days 


9 days, no. 14 days, no | 12 25 after after 
onesie Mar. 26 Mar. 31 (chronic); (chronic); thiamine thiamine 
aa Apr. 12 Apr. 25 daily; daily; 
stage | | Apr. 29 May 6 
| 
20 52 —0.14 4.84* 5.02 7.36 0.25 0.14 
67 9.69 
54 —0.29t 1.21 2.87f | 5.94 | 0.08 0.30 
1. 07+ 2.82§ 2.773 | 3.452 0.60 0.30 
59 =—0.08, 0.06 2.51 4.16 
1 1.66 1.85§ 9.71 0.70 0.36 
63 Q.20T 2.85 2.81 1.29 5.54 1.30 2.00 
25 58s —0.02, —0.26T 0). 38§ 2.44 1.07 0.15 
57 0.09 2.53 2.32 1.55 LZ 0.90 —().21 
72 0.0 5.14* 2.66 2.15 0.57 1.40 
1.648 3.00 2.35 0.79 0.53 
73. «—0.18, 0.05T 1.61LT 3.70*§ 2.38 3.40 0.57 0.13 
68 
51 | 0.21 2.25 
60 2. O68F 
74 1.05 


* In mild opisthotonus. 

+ Exercised. 

t In noticeably better condition than other birds in the same group. 
§ Repaired the day before with 20 y of thiamine. 


Since points falling anywhere on these two straight lines must be con- 
sidered ‘“‘normal”’ for the various states of activity encountered, only 
points removed from the lines can be considered indicative of more funda- 
mental changes in the metabolism of lactate or pyruvate. 

In a consideration of thiamine deficiency it is convenient to express 
these relations as pyruvic acid values. Because the lines representing the 
lactate-pyruvate relation have different slopes, two expressions must be 
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formulated. If we let LA equal the lactic acid value found, then for 
humans at LA <20 mg. per cent, PAgaic, = LA/12.2; at LA >20 mg. 
per cent, PAcuc. = 1.05 + 0.0264LA. For rats at LA <20 mg. per cent, 
PActe. = LA/944; at LA >20 mg. per cent, PAa.. = 1.60 + 0.0264LA. 

PA. ic. is then the pyruvic acid value calculated from the normal rela- 
tions of pyruvic and lactie acid illustrated in the graphs. The figures 1.05 
(in humans) and 1.60 (in rats) represent the points of intercept of the lines 
with the pyruvic acid axis, and the figure 0.0264 the slope of the line. 

In normal cases the pyruvic acid value calculated from the above for- 
mulas should be the same as the value found experimentally; that. is, 
PActe. = PAtouna. In thiamine-deficient subjects, the difference between 
the pyruvie acid value found and that calculated from the normal rela- 
tions (pyruvic acid excess) might represent the degree of thiamine defi- 
clency ; that is, PAcxoess = PA found FP Acate. 

Such expressions have been valuable in assigning a single figure for the 
degree of disturbance of pyruvate metabolism in the thiamine-deficient 
pigeons. 


Thiamine Deficiency in Pigeons 


Blood lactate and pyruvate studies were made on a group of twelve 
pigeons on the usual grain diet (17). Some were exercised to observe a 
wider range of lactate and pyruvate values. So called resting lactic acid 
values ranged from 23 to 45 mg. per cent and upon exercise could be ele- 
vated to as much as 130 mg. per cent. All of the lactate-pyruvate values 
fell on a line with an intercept of 2.0 on the pyruvic acid axis. In the case 
of normal pigeons PAgaie. = 2.0 + 0.0135LA. Thus the slope of the line 
in the case of pigeons is only about one-half that found in the case of hu- 
mans and rats. We have not presented a plot of the data in the case of 
pigeons but have summarized the PA..css Values in the normal birds and 
In various states of thiamine deficiency in Table I. In the normal birds 
the PA ccs Values fall from —0.29 to +0.29 mg. per cent. 

The birds were then placed on a thiamine-free diet and tube-fed to 
assure uniform caloric intake, in a manner previously described in publica- 
tions from this laboratory (17). After 9 days on this diet, blood studies 
were again made. It is significant that at this time no symptoms other 
than occasional regurgitation of food immediately after feeding could be 
observed in the birds. Nevertheless examination of Table I reveals that 
large increases in the PAgxcess Values may be of use even in detecting mild 
degrees of thiamine deficiency. 

The birds were continued on the same diet for 5 more days or a total of 
14 days on the thiamine-free diet, after which time mild regurgitation of 
food was common, On the 13th day some of the birds already showed 
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opisthotonus and were given a dose of 20 y of thiamine intramuscularly 
for temporary repair. On the 14th day, blood studies were repeated, 
During the blood collection, three of the birds (noted in ‘Table [) were in 
mild opisthotonus. These had the highest PAs css values (3.70 to 5.14), 
Some of the lowest values occurred in those birds which had received the 
repairing dose of thiamine the previous day. In general the values were 
considerably higher than those found at the 9 day stage. 

The birds were then divided into two groups, one of which received 20 y 
of thiamine daily (intramuscularly) and the other 25 y daily, all being 
maintained on the same forced feed régime.' After 12 days on this 
schedule, blood lactates and pyruvates were again determined. With the 
exception of two birds in which one of us (O. AB.) had independently 
noted a less severe deficiency from clinical signs during the acute stage, 
the birds on the 20 y level showed definitely higher PAgxcss values than 
those on the 25 y level (average of 5.5 and 2.4 respectively). Likewise 
after 25 days on the thiamine-low diets, a real difference (now with only 
one exception) was noted in the PA..ass Values of the two groups (average 
of 6.1 and 2.8 respectively). Of importance was the fact that such a 
separation of the groups on the basis of the PAs. xcs, Values was not as 
evident from the pyruvic acid levels alone. This was particularly true, 
since, as a result of leg weakness developed by a few birds before regular 
therapy was instituted, some birds remained in a comparatively quiet 
state, while others struggled vigorously to adopt a standing position, 
resulting in great variations in the actual lactate and pyruvate levels. 
Since a distinct difference in PA. .uss Values can be noted between birds 
receiving 25 y of thiamine daily and those receiving only 20 per cent. less, 
the use of PAcxcess Values may be useful in determining relatively small 
differences in degrees of thiamine deficiency in other animals. 

The ten birds remaining in the group were then given 100 y of thiamine 
daily and blood studies made 4 days later. It was surprising to find that 
the normal PA.xcss Of zero was reestablished in only three of the birds, 
although all showed a decrease. Even after 11 days of thiamine therapy, 
two of the birds still showed abnormal PA, cass Values. Thus it) would 
appear that even the chemical pathology of chronic thiamine deficiency, 
not to mention the anatomical, may be slow in returning to normal. 


SUMMARY 
It has been found that in a variety of conditions such as excitement, 


exercise, anoxia, and different degrees of fasting, marked fluctuations in 


1 This is sufficient thiamine to cure opisthotonus, prevent the development of 
symptoms of chronic deficiency, and to lead to slow repair of those birds which 
had previously developed leg weakness. 
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blood pyruvic and lactic acid values may occur. Nevertheless, a strict 
relation between the two is maintained, so that a normal relation can be 
expressed graphically or by formula. ‘This was found true in humans, 
rats, and pigeons. 

Thus although the actual level of pyruvate or lactate individually can 
serve as a measure of the above factors, and under carefully controlled 
conditions even reflect true changes in the metabolism of either component, 
only a deviation in the normal relation between the two components is 
rigorous proof of a more fundamental disturbance. Therefore the use of 
this relation eliminates the otherwise difficult decision as to whether a 
given pyruvate increase is due to a genuine disturbance of pyruvate metabo- 
lism or to changes in diffieultly controlled experimental conditions. 

Such a change in the blood lactate-pyruvate relations has been noted 
in pigeons during the course of acute and chronic thiamine deficiency, 
indicating a marked decrease in pyruvate breakdown. The use of this 
relation has in fact made it possible to note a disturbance of pyruvate 
metabolism early in acute thiamine deficiency and to distinguish with 
assurance between relatively small degrees of chronic thiamine deficiency 
in pigeons. 

Since the colorimetric determination of lactic acid is so simple, even as 
eompared to the pyruvate estimation, it is suggested that both lactate 
and pyruvate levels be considered rather than pyruvate alone to determine 
fundamental changes in pyruvate metabolism. 
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A QUANTITATIVE METHOD FOR ETHYL ALCOHOL 
NORMALLY PRESENT IN BLOOD 


By ALEXANDER QO, GETTLER anp CHARLES J. UMBERGER 


(From the Chemical Laboratories of Bellevue Hospital and of Washington Square College, 
New York University, New York) 


(Received for publication, February 21, 1942) 


The present method was devised for the quantitative determination of 
ethyl alcohol normally present in blood. It was our intention that the 
method conform to the following requirements. (a) Not more than 5 ml. 
of blood sample should be required for each determination. (b) No 
preliminary precipitation or distillation of the blood should be necessary. 
(c) The method must be suitable for quantitative determination of as little 
as 0.05 mg. of alcohol in 5.0 ml. of blood. (d) The chemical reaction in- 
volved in the method must be specific for the ethoxy group. 

All methods based upon the oxidation of the aleohol by dichromate or 
permanganate had to be rejected in dealing with an alcohol content as 
low as 0.05 to 1.0 mg., because blood contains traces of volatile organic 
substances other than ethyl alcohol which also reduce the oxidant and 
therefore abnormally high values are always obtained. 

The only method described in the literature which seemed to be adaptable 
for the determination of such small quantities of alcohol was Pregl’s 
adaptation of the Zeisel reaction for the alkoxy group, as applied to tissues 
and blood by Gettler, Niederl, and Pichler (1) (hereafter designated as 
the G.-N.-P. method). Their procedure suggested the possibility of 
quantitatively determining the alcohol by introducing the blood sample 
directly into the side arm test-tube (C) of their apparatus ((1) Fig. 8, p. 
192), thereby eliminating preliminary steam distillation. A study of the 
method, when applied to blood directly, indicated that several changes in 
apparatus and procedure were necessary. 

The difficulties encountered in using the G.-N.-P. technique on blood 
directly were as follows: (1) When attempts were made to distil the alcohol 
from the whole blood contained in the side arm test-tube (C) of the G.-N.-P. 
apparatus with a stream of carbon dioxide, much frothing ensued, and as a 
result the blood was mechanically carried over into the hydriodie acid bulb 
(E) within a few minutes. The addition of chemical reagents did not 
eliminate the frothing. This made it necessary to devise some mechanical 
means to prevent the frothing. (2) The gravimetric determination of the 
alcohol as silver iodide was not only time-consuming, but the appreciable 
solubility of the silver iodide introduced quite an error with the small 
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quantities of alcohol that the method was intended for. It was found 
advantageous to supplant the gravimetric procedure with the titration 
method of Viebéck and Brecher (2). (3) The washing solution composed 
of sodium thiosulfate and cadmium sulfate was not satisfactory. Since 4 
longer time was required to distil the aleohol from whole blood, a cop. 
siderable quantity of hydriodie acid was carried over into the washing 
solution, decomposing the thiosulfate, with the production of colloidal 
sulfur and the precipitation of cadmium sulfide. When this occurred, 
it was found that the results obtained deviated considerably from the 
theoretical values. It was therefore necessary to substitute a washing 
solution in which this decomposition did not occur. (4) The wash chamber 
(G) was not large enough to hold all the water which collected during the 
distillation of the 5 ml. blood sample. When the wash chamber became 
filled with the aqueous distillate, there always existed the potential danger 
that some of the wash solution would be carried over into the receiving 
tube (J). (5) The space between the side arm (D) of the test-tube and 
the side tube of the bulb (/) containing the hydriodic acid presented a 
dead space in which some ethyl iodide vapors became trapped. (6) The 
bore of the inlet tube to the wash chamber (G) was too narrow. Iodine 
vapors from the hydriodic acid sometimes condensed and clogged up the 
tube. (7) The quantitative removal of any adhering reaction product 
from the end of the delivery tube (//) was very troublesome. 

The difficulties described above, which were encountered with the 
(y.-N.-P. technique when applied to blood directly, were eliminated in the 
following method. 


Method in Detail 


Description-—The method is based on the conversion of the ethyl aleohol 
into ethvl iodide by interaction with hvdriodic acid. The alcohol is dis- 
tilled directly from the blood sample into hot hydriodic acid solution by 
means of a stream of carbon dioxide. The following reaction takes place, 
+ HL + HeO. The ethyl iodide formed passes through 
a washing chamber containing a suspension of lead thiosulfate and basic 
lead carbonate. These reagents remove all iodine, hvdrogen iodide, and 
hydrogen sulfide, which may distil along with the ethyl iodide. The 
ethy! iodide vapors pass through the wash chamber unaffected and are 
absorbed in a solution of potassium acetate in glacial acetic acid to which 
a little liquid bromine has been added. The ethyl iodide reacts with the 
bromine in the absorbing solution to form ethyl bromide and iodine bro- 
mide, CoH;I + Bre — C.H;Br + IBr. When the distillation is completed, 
the IBr in the receiving tube is titrated by a modification of the procedure 
desenibed by Vieb6ck and Brecher (2) for methyl todide. 
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The titration is carried out after water is added to the absorbing solution 
containing the iodine bromide. In the presence of water, the excess bro- 
mine oxidizes the iodine bromide to iodate, [Br + 3HLO + 2Bre — HIO; + 
5HBr. Any excess bromine remaining in the solution is removed by 
boiling. When cool again, potassium iodide is added, the following 
reaction taking place, 2HIO; + 1OKIT + 1OHAc — 1OKAc + 6HLO + 
6]. 6G atoms of iodine are liberated for each molecule of iodate, and hence 
for each molecule of ethyl iodide, thereby increasing the sensitivity of the 
reaction 6-fold. The liberated iodine is titrated with standard sodium 
thiosulfate solution. The ethyl alcohol is caleulated from the quantity 
of standard thiosulfate used in the titration. 

Reagents 

Hvydriodic acid (sp. gr. 1.70, specially prepared for alkoxy deter- 
minations ). 

Tartarie acid (powdered). 

Sodium sulfate (anhydrous, powdered). 

Potassium hypophosphite (ervstals or powder). 

Potassium iodide (ervstals). 

Sulfuric acid (concentrated). 

Starch solution (freshly prepared, 2 per cent). 

Bromine (liquid). 

Potassium acetate solution (25 per cent); dissolve 166.6 @m. in 500 ml. 
of distilled H.O. 

Potassium acetate (10 per cent) in glacial acetic acid; dissolve 55.5 gm. 
in 500 mi. of glacial acetic acid. 

Sodium carbonate solution (10 per cent). 

Lead thiosulfate-basic lead carbonate suspension. Add 0.2 gm. of lead 
thiosulfate and O.8 gm. of basic lead carbonate (finely powdered) to 50 
ml. of distilled water, contained in a 60 ml. dropping bottle, which has a 
medicine dropper graduated to deliver 2 ml. Shake thoroughly each 
time before pipetting the suspension. The latter is an improvement over 
the sodium thiosulfate-cadmium sulfate wash solution in that the hydriodice 
acid which passes into the wash chamber is immediately neutralized by 
the lead carbonate, thus preventing the decomposition of the thiosulfate 
and anv further reaction with the cadmium sulfate. In addition, both 
the iodine and hydriodic acid are removed from the solution by precipita- 
tion as insoluble lead iodide. The low concentration of dissolved salts in 
the wash solution eliminates the possible decomposition of the ethyl iodide 
which may occur in high salt concentrations at clevated temperatures. 

Sodium thiosulfate, approximately O.O1 N solution (to be standardized). 
Dissolve 2.48 gm. of NasS.O;-5H.O in boiled, then cooled, distilled water, 
add 1 ml. of approximately 0.1 ~ sodium hydroxide, and dilute to 1 liter. 
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lodate (standard solution). Accurately weigh 0.150 gm. of pure and 
dry KH(1Os;)s. Transfer the weighed material, quantitatively, into a 
500 ml. volumetric flask with the aid of distilled water. When the iodate 
has dissolved, add water to the mark and mix the contents. (10.0 ml. = 
3.0 mg. of KH(TOs)s.) 

Standardization of O01 x» Thiosulfate Solution by Means of Standard 
Todate Solution Pipette 10 ml. of the standard iodate solution into a 125 
ml. Erlenmever flask. Add 5 ml. of 25 per cent potassium acetate solu- 
tion, 70 mil. of distilled water, 2 drops of concentrated sulfuric acid, and 
1.5 gm. of solid potassium iodide. Allow to stand 15 minutes, and titrate 
with the thiosulfate solution (to be standardized) until the color is light 
vellow. Add 1.0 ml. of starch solution and continue the titration dropwise 
to the colorless end-point. The aleohol equivalent Gn mg.) per ml. of 
thiosulfate solution = (0.236 & 3.0)/(ml. thiosulfate used). 


Fig. 1. The ethoxy apparatus 


Kthory Apparatus! The apparatus as designed for the direct deter- 
mination of alcohol in blood is shown in Fig. 1. Phe changes introduced 
in the G.-N.-P. apparatus are as follows: The capacity of the wash chamber 
(G7) was increased to 10 ml.; this permitted the blood sample in tube C 
to be distilled even to complete dryness. A bulb (A)) was introduced to 
prevent any of the wash solution from being carried into the absorbing 
solution in J. The delivery tube (/7) was made removable by introdue- 
ing a ground glass joint; this facilitates the quantitative removal of the 
reaction product adhering to the tube. The bore of the delivery tube (CY) 
leading into the wash chamber (@) was made large enough (1.5 mm.) 
to prevent any sublimed iodine from clogging up the tube. “The bore of the 
side tube (L) leading into bulb # was reduced to 1 mm., and the upper end 
of the tube was supplied with a ground glass joint (./) to connect with the 
side arm of the test-tube (D). This eliminated the dead space previously 


1 Made by Eck and Krebs, New York; catalogue No. 3000A. 
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mentioned. <A glass tree tube (7) was introduced to subdue the frothing. 
The glass tree consisted of small glass spurs fused onto a 5 mm. bore glass 
tube. As the froth rises in tube C, it is broken up by the glass spurs. 

A small mineral oil bath was substituted for the micro burner used to 
heat the hydriodic acid in bulb £. The burner caused considerable bump- 
ing and therefore required constant attention. The Kipp generator (not 
shown in the picture) was replaced by a tank of carbon dioxide, because it 
was not possible to get sufficient pressure from the generator. A carbon 
dioxide bubble counter (not shown) consisting of a wash bottle containing 
10 per cent sodium carbonate solution was introduced between the carbon 
dioxide tank and the ethoxy apparatus, the purpose being to indicate the 
rate of carbon dioxide flow, and also to remove any possible acid impurities. 
A constant leveling device was attached to the boiling water bath (not 
shown) in which the test-tube (C) was submerged. 

Method of Charging and Assembling Apparatus—The carbon dioxide 
bubble counter, water bath with constant leveling apparatus, and mineral 
oil bath are mounted on a stationary stand in such a manner that the bulb 
E and tube C fit into the mineral oil and water baths respectively. When 
the water bath is at boiling temperature and the mineral oil bath between 
130-135°, the ethoxy apparatus is charged and assembled as follows: 
Remove the stopper at the bottom of the wash chamber (G@), hold the latter 
in a horizontal position, and introduce 2 ml. of the previously well shaken 
lead thiosulfate-basic lead carbonate suspension; then replace the stopper. 
Connect the delivery tube (//) to the tube leading from the wash chamber 
(G) by means of the ground glass joint. Introduce 1.5 ml. of the hydriodic 
acid solution through the side tube (L) into bulb F. Add a crystal of 
potassium hypophosphite, if the hydriodic acid has a deep brown color, 
due to the presence of an excessive amount of free iodine. In the receiving 
tube (1) place 3 ml. of the potassium acetate in glacial acetic solution and 
0.1 ml. of liquid bromine. Pipette 5 ml. of the sample (oxalated blood) 
if from an alcoholic use 1.0 ml. of blood and 4.0 ml. of water) into the 
side arm tube (C) and add 0.1 gm. of powdered tartaric acid. Shake the 
tube with a rotating motion until the blood turns dark brown and becomes 
quite viscous. The addition of saponin is not necessary. Add 3 gm. of 
anhydrous sodium sulfate, and mix with the glass tree tube (7'), taking 
care not to get any of the blood on the upper walls of the test-tube. When 
the contents are well mixed, the glass tree tube is put in position by means 
of the rubber stopper, with the bottom of the tree tube extending to about 
tinch from the bottom of the test-tube. The side arm (D) of the test-tube 
is then connected to the side tube (L) by means of the ground glass joint 
VJ). The top of the glass tree tube (A), by means of rubber tubing, is 
connected to the carbon dioxide bubble counter, which in turn is connected 
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with the carbon dioxide tank. The carbon dioxide pressure is so regulated 
that about one or two bubbles per second pass through the bubble counter. 
The delivery tube (/1) is quickly lowered into the solution contained jn 
the receiving tube (J). The hydriodic acid in bulb £ is allowed to attain 
the temperature of the oil bath (130—135°) in which it is submerged. The 
side arm test-tube C is slowly lowered into the boiling water bath. The 
apparatus is then clamped into position with the side arm tube C submerged 
in the boiling water bath, and bulb F suspended in the mineral oil bath 


~ about 14 inches below the surface of the oil. The carbon dioxide pressure 


is regulated while the blood is coagulating, and then set so that about two 
bubbles per second pass through the wash chamber (G). The apparatus 
requires no further attention until approximately 13 hours later. Experi- 
ments have shown that during this interval the alcohol in the blood 
sample has been distilled in the form of ethyl iodide into the receiver tube 
(1). The delivery tube (//) and receiver tube (J) are then removed by 
disconnecting the ground glass joint (//). 

Titration of Ethyl Iodide Formed—The contents of the receiving tube (J) 
are transferred into a 125 ml. Erlenmeyer flask. The delivery tube (H) 
and receiving tube (J) are washed with 5 ml. of the potassium acetate 
solution and then with 25 ml. of water. The washings are added to the 
main solution. The excess bromine is removed by boiling the contents 
of the flask over a free flame with a rotating motion. When the solution 
is water-clear, the flask and contents are cooled. 50 ml. of water and 1.5 
gm. of solid potassium iodide are added and allowed to stand 15 minutes 
before titration of the liberated iodine. The 0.01 N thiosulfate solution 
contained in a burette is gradually added until the color of the solution 
becomes a faint vellow. 1 ml. of starch solution is then added and the 
titration continued until colorless. 

The method has been applied to blood and urine samples from alcoholic 
persons with very good results. In such cases only 1 ml. of blood is to be 
used for each determination, and 0.1 N sodium thiosulfate should be used 
for the titrations. Before the alcohol content is calculated from the titra- 
tion figure, a blank must be subtracted. This blank is obtained by using 
distilled water instead of blood and proceeding exactly as in the main 
analysis. The titration blank obtained should always be less than 0.2 
ml. when 0.01 ~ thiosulfate solution is employed. Blank determinations 
are only necessary when a new set of reagents is used. The quantity of 
ethyl aleohol that is present in the 5 ml. blood sample is obtained by 
multiplying the ml. of 0.01 N thiosulfate solution used in the titration by 
its alcohol equivalence (mg. of C2H;OH per ml.), as previously indicated. 

In Table I are presented some of the results obtained by the method 
described when applied to extremely dilute alcohol solutions in pure water. 
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4gm. of anhydrous C2H;OH were accurately weighed in a weighing bottle 
and then dissolved in water and made up to a volume of 1000 ml. (Solution 
A). After thorough mixing, 10 ml. of Solution A were transferred to a 
1000 ml. volumetric flask and water was added to the mark and thoroughly 
mixed (Solution B). In the series of analyses reported in Table I the fol- 
lowing ml. of Solution B were used respectively: 5.00, 5.00, 3.75, 2.50, 1.25, 
1.00, 0.63. In each case, if necessary, water was added to bring the total 
volume up to 5 ml. This series of solutions, having an alcohol content as 
indicated in the second column of Table I, was then analyzed by the method 
described above. ‘The results, charted in Table I, indicate that the analyti- 


TaBLe 
Results Obtained on Solutions of Alcohol in Pure Water 


— 


Sample No. C:HsOH found 


by analysis Average | Error in C:HsOH 

meg. meg. me. | mg. 

l-a 0.200 0.202 0.195 —0.005 

1-b 0. 200 0.188 | 

2-a 0.200 0.212 0.200 | 0.000 

2-b 0. 200 0.189 

3-a 0.150 0.142 0.150 0.000 

3-b 0.150 0.158 

4-a 0.100 0.093 0.102 +0 .002 

4-b 0.100 0.110 | 

5-a | 0.050 0.053 0.054 | +0.004 

5-b | 0.050 0.056 | 

6-a 0.040 0.047 0.043 +0 .003 

6-b 0.040 0.039 

7-a | 0.025 0.030 0.026 +0.001 

7-b | 0.025 0.023 


eal findings agree quite closely with the actual quantities of alcohol present 
(deviation +0.005 mg.). 

In Table Il are recorded some of the results obtained by the method 
when applied to blood to which definite quantities of aleohol were added. 
For each set about 50 ml. of normal blood were taken. Two 5.0 ml. sam- 
ples of the blood were analyzed before the addition of aleohol. To the 
remaining blood (known volume) definite quantities of CsH;sOH were 
added by means of a micro weighing pipette. From these data the quan- 
tity of added alcoho] in 5.0 ml. of blood was calculated. 

From the data put forth in Table IT it becomes evident that there is a 
small loss of alcohol. This loss, however, is somewhat proportional to the 
quantity of alcohol present in the sample. The average loss is 12.5 per 
cent. Considering that we are dealing with very small quantities of 
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BLOOD 


alcohol (1 mg. and less), a loss of this order is not as important as it seems. 
It is advisable to make a correction for this loss by multiplying the quantity 


of alcohol actually found by 1.14. 


Direct Standardization of Thiosulfate Solution against Known Quantities 
of Alcohol Added to Blood—In order to avoid the introduction of correction 
factors (indicated above) in the calculation of the quantity of aleohol 
present, direct standardization of the thiosulfate solution against known 


quantities of aleohol added to blood samples may be resorted to. 


Results Obtained on Samples of Blood to Which Were Added Definite Quantities of 


TaBLe II 
Alcohol 

Original 

Sample C2HsOH added C:HsOH found alcohol 

No. to 5.0 ml. blood by analysis content, 

average 

me. még. | meg. 

l-a 0.000 0.055 0.063 
1-b 0.000 0.070 
l-c 0.078 0.125 
1-d 0.078 0.128 
l-e 0.078 0.131 

2-a 0.000 60.115 0.100 
2-b 0.000 | 0.085 
2-¢ 0.169 | 0.250 
2-d 0.169 | 0.256 

3-a 0.000 0.170 0.170 
3-b | 0.483 | 0.568 
3-C 0.483 0.591 
3-d 0.483 0.611 

4-a 0.000 0.056 0.058 
4-b 0.000 0.060 
4-c 0.890 0.828 
4-d | 0.890 0.839 

4-e 0.890 


0.844 


CeHsOH found 
minus original 
alcohol content | 


me. 


0.062 
0.065 
0.068 


0.150 
0.156 


0.398 
0.421 
0.441 


0.770 
0.751 
0.786 


Average 


0.065 


0.420 


0.779 


me. 


—0.013 
—0.016 


— 0.063 


—0.111 


30 ml. of blood from non-alcoholics (a composite well mixed sample 


from several persons may be used) are collected. 


Duplicate determina- 


tions on two 5 ml. portions are made for the normal aleohol content by the 


method described above. 


A series of such determinations indicated that 


the normal alcohol in 5.0 ml. of blood requires from 0.80 to 1.50 ml. (aver- 
age 1.15 ml.) of the 0.01 N thiosulfate solution. 
weighing pipette an accurately weighed amount (order of 5.0 mg.) of ethyl 
alcohol was added to the remaining 20.0 ml. of the blood sample. From 


these data the quantity of ethyl alcohol that was added to each 5.0 ml. of 


By means of a micro 
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blood sample was calculated. Triplicate determinations on 5.0 ml. 
samples of this blood were now made for alcohol by the method described. 
For the titration of the liberated iodine the 0.01 N thiosulfate solution 
was used. ‘The average value of three determinations was used in caleu- 
lating the CoH,OH equivalent (in mg.) per ml. of 0.01 ~ thiosulfate solu- 
tion. The 1.15 ml. of 0.01 N thiosulfate solution needed for the normal 
alcohol that is present in the blood was subtracted from the ml. of thiosul- 
fate used in the titration of the blood to which a definite quantity of aleohol 
was added. On the above basis, it was found that 1.0 ml. of 0.01 N thiosul- 
fate solution equals 0.086 mg. of C:H;OH. In order to obtain the mg. of 
aleohol in 5 ml. of blood, this equivalent 0.086 is multiplied by the ml. of 
0.01 x thiosulfate used in the titration. 


SUMMARY 


A quantitative method for ethyl aleohol in blood, based upon the alkoxy 
reaction, is presented. 

The outstanding features of the method are as follows: 

1. Only 5.0 ml. of blood are required for the determination. 

2. No preliminary precipitation or distillation of the blood is necessary. 

3. Quantities of alcohol as small as 0.02 mg. can be quantitatively 
determined. 

4. The method is specific for the aleohol (OH) group. 

5. The method may be used for the analysis of blood and urine from 
aleoholic individuals. 
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A POLAROGRAPHIC CHARACTERIZATION OF NICOTINIC ACID 
AND RELATED COMPOUNDS 


I. PYRIDINE AND NICOTINIC ACID* 


By PAUL C. TOMPKINS ano CARL L. A. SCHMIDT 
(From the Division of Biochemistry, University of California Medical School, Berkeley) 


(Received for publication, January 29, 1942) 


The tertiary nitrogen of pyridine and nicotinic acid is methylated to the 
corresponding quaternary ammonium derivative when these compounds 
are fed to animals (1, 2). Quantitative studies of this reaction have not 
been satisfactory owing to the fact there are no adequate methods for the 
analysis of the methylated derivatives in the urine. Preliminary experi- 
ments showed that both methylpyridinium ion and trigonelline are re- 
ducible at the dropping mercury cathode and may be analyzed in pure 
solution by the polarographic technique. Before attempting to make use 
of this fact for the development of a method of determining the methylated 
compounds in urine, we considered it advisable to make a general survey of 
the polarographic behavior of several members of the pyridine series. 

The present paper deals with the electrolysis of pyridine and nicotinic 
acid in both buffered and unbuffered solutions. Some studies on the 
reduction of these compounds at the dropping electrode have already been 
reported (3-5). 

Electrical Apparatus and Equipment—The electrical apparatus consisted 
of the Heyrovsky¥-Shikata type of micro polarograph distributed by E. H. 
Sargent and Company. The current voltage curves were recorded on 
sensitized bromide paper in the usual manner. The voltage was applied 
at the rate of 0.187 volt per em. and the current was measured by means 
of a galvanometer with a sensitivity of 4.95 K 10-8 ampere per cm. per 
0.33 meter. All potentials were referred to the saturated calomel electrode 
by means of the cell designed by Lingane and Laitinen (6). 

The dropping electrodes were made from a piece of marine barometer 
tubing. The m'‘t* values, where m = the weight of mercury flowing per 
second and ¢ = the drop time, were determined by direct measure- 
ment. ‘The accuracy of the calibration was checked by electrolyzing a 
0.001 m and a 0.003 m ZnCl. solution in 0.1 N KCl plus enough HCl 
to hold the Zn** in solution. The resulting diffusion current was then 
compared with that calculated from the Ilkovié equation. The experi- 


* Aided by a grant from Eli Lilly and Company and the Research Board of the 
University of California. 
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mental values were 5.3 per cent and 5.1 per cent higher than the calculated 
value but in good agreement with the +5 per cent deviation given 
by Kolthoff and Lingane (7). Oxygen was removed by passing purified 
hydrogen gas through the solution for 20 minutes prior to electrolysis. 

Preparation of Materials— Baker and Adamson c.p. pyridine (b.p. 113-115°) 
was stored 2 days over solid potassium hydroxide. It was then frae- 
tionated in an all-glass fractionating still. The liquid boiling between 
114.5-115° was used to prepare the standard solutions. A 0.025 M solution 
was prepared by dissolving 1.980 gm. of pyridine in 30 ml. of 1 N HCl and 
diluting to 1 liter. 1 ml. is equivalent to 0.001 mM pyridine in the solution 
used for analysis. Another standard was prepared by diluting 2 ml. of 
pyridine to 100 ml. This solution was used immediately after preparation, 
1 ml. is equivalent to a 0.01 m pyridine solution in the solution used for 
the analysis (25 ml.). 

Eastman’s nicotinic acid was recrystallized three times from hot water and 
dried to constant weight at 110°. It was stored in the vacuum desiccator 
(m.p. 228.5-229°). A standard solution (0.025 mM) was prepared by dis- 
solving 0.3076 gm. of the purified nicotinic acid in redistilled water and 
diluting to 100 ml. The solution was preserved with toluene. 

All solutions used in these studies were prepared with redistilled water. 
Potassium chloride and tetramethylammonium bromide were recrystallized 
twice from redistilled water before use. With these exceptions, com- 
mercial c.p. grade chemicals were used without further purification. So- 
dium and potassium phosphate buffers were made 0.6 mM with respect to 
total phosphate content and were diluted as needed. 

Procedure—The dilutions were prepared by pipetting the correct volume 
of the standard solution into a 25 ml. volumetric flask. 5 ml. of the salt 
solution, buffer, or HCI] were then added and the flask filled to volume with 
redistilled water. These solutions were then electrolyzed after the removal 
of oxygen. The pH was measured with the glass electrode. 

The residual current was measured by extending its slope except in those 
cases in which the current rise of the supporting electrolyte began at a 
potential more positive than the voltage at which 7,, the diffusion current, 
was measured. 

The reported values of the diffusion current have been divided by the 
m't* value at the voltage selected for the measurement, thus making all 
of the data comparable. 

Comparison curves of all of the supporting electrolyte solutions were 
made. The polarogram was considered to represent complete reduction 
of the reducible material when the sensitivity of the galvanometer was 80 
adjusted that the final current rise of the test solution corresponded to that 
of the electrolyte alone. 
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Pyridine Owing to the relatively high concentrations of pyridine that 
were used, the usual procedures employed in bubbling hydrogen through a 
solution containing a volatile compound were not considered satisfactory. 
Therefore, the supporting electrolyte was freed from air in a separatory 
funnel, and the solution was run into a volumetric flask containing the 
pyridine while the gas was still running. The resulting solution was im- 
mediately transferred to the electrolysis cell and the polarogram obtained. 
Such a solution must obviously contain a small amount of dissolved oxygen. 

Electrolysis of Pyridine in Buffered Solutions—Practically no difference 
was noted between polarograms of the buffers alone and the test solutions 
when 0.005 or 0.001 mM pyridine solutions were electrolyzed below pH 6. 
The solutions that were tested are given in Table I. A rather poorly 
defined wave was obtained when 0.1 M potassium phosphate buffers of 
pH 6.1 and 7.4 were used for the electrolysis. The current was propor- 
tional to the concentration of pyridine within about 10 per cent between the 
limits of 0.001 and 0.01 m pyridine. The half wave potential was —1.7 
volts to the saturated calomel electrode. No maximum was observed. 

A maximum was obtained when 0.005 m pyridine was electrolyzed in a 
0.1m sodium borate buffer of pH 8.7. No attempt was made to suppress 
it. The half wave potential of pyridine in this solution was about —1.8 
volts. 

No difference between the polarogram of the test solutions and the sup- 
porting electrolyte was observed when 0.005 m pyridine was electrolyzed 
ina 0.1 M potassium phosphate buffer of pH 12 or in 0.1 N sodium hydroxide 
solution. Polarograms of pyridine in several alkaline buffers are shown 
in Fig. 1. 

Electrolysis of Pyridine in Unbuffered Salt Solutions —The observations 
of Shikata and Tachi (4) regarding the behavior of a solution that was 0.1 
uw with respect to KC], 0.001 mM with respect to HCI, and 0.01 m with respect 
to pyridine have been confirmed. The electrolysis of a solution of 0.001 m 
HCl in 0.1 wm KCl (pH 2.9) gave a diffusion wave of 16.9 microamperes 
with a half wave potential of —1.49 volts to the saturated calomel elec- 
trode. When a similar solution but containing 0.01 mM pyridine was used 
(pH 5.6), this wave was reduced to 6.48 microamperes but neither its half 
wave potential nor its slope was changed. When less hydrochloric acid 
was used, so that the pH was 6.2, two waves were found. The first was 
1.09 microamperes at — 1.51 volts, and the second was 5.28 microamperes 
at —1.78 volts (F,).' 

Good waves were obtained when pyridine was electrolyzed in 0.1 m 
KCI solution in the absence of added acid or alkali (pH 7 to 8). The 


' Ey is the half wave potential. 
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current was proportional to the concentration of pyridine within 10 
per cent. 


| 
Values Obtained for ig and Ey of 0.001 Mm Pyridine and of Nicotinic Acid in Different 


Solutions 
Pyridine Nicotinic acid 
Solution, buffered 
pH id td 
microam peres microam peres 
0.2 Mm K citrate-phosphate 3.3 0.9-1.2 
6.1 11.85 -1.69 t 
7.0 t 2.82° 1.55 
7.4 11.2 1.60 t 
0.1 tetramethylammonium 
phosphate... 17.08 —1.7 t 
0.3 mM Kk phosphate 2.57° 1.57 
0.6 Na Dovate........ t 0.08 1.66 
8.6 12.4 —1.8 0.65 1.63 
0.3 phosphate t 0.77* ~1.68 
10 t No wave 
— 12 No wavet 
0.1 N NaOH 13 
0.1 “ KCI | 3.2 t 7.0 Double 
wave 
mas 7.0 0.98 —1.8 O04 1.1, 
—1.5 
9.2 t No wave 
0.1 ‘* tetramethylammonium 
bromide 7.0 1.12 —1.8 t 
0.3 M Na acetate 7.0 1.65 —1.63 
* 6.6 1.32 -1.52 
S.] 1.55 ~1.62 


0.5 NaHCO; 


The ia values have been divided by mit*. The E} values are with reference to 
the saturated calomel clectrode. 

* Catalytic reduction of H’” interferes. 

+ Compound not tested in this solution. 

t Some reduction was observed when 0.05 m pyridine was electrolyzed in these 


solutions. 


The half wave potential of pyridine in this solution was —1.8 volts. 
It was found to be independent of the concentration of pyridine, Quali- 
tatively, E, shifted to more negative potentials with increasing pH. This 
shows that H+ takes part in the electrode reaction. The diffusion currents 
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and half wave potentials of 0.001 m pyridine in various buffered and un- 
buffered solutions are also shown in Table I. 

The use of the polarograph cannot be recommended for the analysis of 
pyridine. However, if it should be found convenient to determine pyridine 
polarographically, heavily buffered solutions (7.e., at least 0.1 N) should be 
used. Sodium or potassium phosphate buffers in the pH range 6 to 8 
have proved most suitable. 

Electrolysis of Nicotinic Acid in Buffered Solutions—The electrolysis of 
nicotinic acid in potassium phosphate buffers more acid than pH 10 gave 
rise to a reduction wave that did not develop into a diffusion wave. Dis- 
charge of hydrogen from the buffer interfered. Comparison of the test 
polarograms with those of the buffer showed that this deposition occurred 
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| Ep.e. vs. §.C.E. 


Fic. 1. Polarograms of pyridine in neutral and alkaline buffers. (a) 0.005 m 
pyridine in 0.1 mM sodium phosphate buffer, pH 6.1; (6) 0.001 m pyridine in 0.1 m 
sodium phosphate buffer, pl 7.5; (c) 0.005 m pyridine in 0.2 m tetramethylammonium 
phosphate buffer, pH 7.0; (¢) 0.005 m pyridine in 0.1 mM sodium borate buffer, pH 8.7; 
(e) 0.005 Mm pyridine in 0.1 mM sodium phosphate buffer, pH 12. Ep 2. = potential, in 
volts, of the dropping eleetrode; S.C.E. = saturated calomel electrode. 


at a potential about 0.2 to 0.3 volt more positive than the deposition of 
hydrogen from the buffer alone. This indicates that the products of re- 
duction in the phosphate solutions catalyzed the deposition of hydrogen 
from the buffer. This effect was not investigated further, but it should 
be pointed out that such catalytic reactions often allow the determination 


| of the catalyst in concentrations as low as 10-7 to 10-% M. 


No reduction was observed when nicotinic acid was electrolyzed in 
solutions as alkaline as pH 10 or higher (Table I). The best waves of 
nicotinic acid in buffered solutions were obtained when sodium borate 
buffer between pH 8 and 9 was used as the supporting electrolyte. The 
same observation was made by Lingane and Davis (5). The current 
was not proportional to the concentration of nicotinic acid unless the 


| buffer was at least 0.6 M. 
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The half wave potential of nicotinic acid was found to be dependent on 
both the pH and the buffer. In the phosphate solutions the JE/ApH 
shift was about 90 millivolts per pH unit. 

Electrolysis of Nicotinic Acid in Unbuffered Salt Solutions—The polar- 
ograms of nicotinie acid in 0.1 M potassium chloride solutions showed 
double waves in acid solutions (pH 2.2). The height of the wave decreased 
sharply as the pH was increased and disappeared when the nicotinic aeid 
was all in the form of the potassium salt, pH 9.2 (Table I). 

Very nicely formed waves were obtained when nicotinic acid was added 
to solutions of the sodium salts of weak acids, such as acetic, citric, and 
earbonic acids. The ratio of current to concentration increased with 
increasing concentration of nicotinic acid, and was greater in 0.5 M salt 


‘ 
‘ 
© 
) 


Ep.e. vs. §. 


Fic. 2. Polarograms of nicotinic acid in 0.3 M potassium phosphate buffers. (a) 
0.0049 m nicotinic acid, pH 7.0; (b) 0.002 m nicotinic acid, pH 8.0; (c) 0.002 Mm nicotinic 
acid, pH 10.0. Ep.z, = potential, in volts, of the dropping electrode; S.C.E, = 
saturated calomel electrode. 


solutions than it was in 0.1 m salt solutions. The half wave potentials 
became more positive with increasing concentration of the acid. These 
effects are to be correlated to the increasing acidity of the solutions. Only 
single waves were observed in the alkaline solutions. 

Effect of Buffer Capacity and pH on i¢—The height of the nicotinic acid 
wave was found to be the resultant of two independent factors. These 
were (a) the concentration of nicotinic acid; (b) the pH at the surface of 
the electrode. The second factor is in turn influenced by two independent 
factors: (a) the pH of the solution; (b) the buffer capacity of the solution. 
Therefore, in practical work, the diffusion current will depend on all three 
factors. Proportionality of current to concentration of nicotinic acid is 
observed only when the pH at the electrode surface is held constant during 
the course of the electrolysis, and the magnitude of the current is greater 
the lower the pH. 
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Fic. 3. Polarograms of nicotinie acid in HCl] and in sodium borate buffer. (a) 
9.0049 m nicotinic acid in 0.4 N HCI; (6) 0.0049 mM nicotinic acid in 0.1 N HCI; (c) 0.005 m 
nicotinic acid in 0 6 Mm sodium borate buffer, pH. 8.7. The residual current was meas- 
ured in a separate experiment to determine the diffusion current in the HCI solutions, 
Ep.z. = potential, in volts, of the dropping electrode; S.C.E. = saturated calomel 
electrode. 


Il 
Relation of Current to Concentration of Nicotinic Acid 


Concentration 0.4 uw HCl 0.1N HCl 0.6 Mm Na borate, pH 8.7 

acid ig:C | id fa:C 

0.1 0.578 5.78 | 

0.5 2.99 | 5.94 2.58 | 5.16 | 

1.0 5.90 5.90 5.10 | 5.10 | 0.98 | 0.98 

3.0 17.80 5.90 | | 3.46¢ | (1.15) 

5.0 29.10 | 5.92 | 25.7 | 5.15 | 4.90 (0.97 

10.0 588 | 5.88 | 10.00 | 1.00 
5.90 + 0.08 5.13 + 0.03 (0.98 + 0.05 


The ig values have been divided by mitt, 

* The empirical method must not be used since the final current rise of the acid 
begins at a slightly more positive potential than the voltage at which the diffusion 
wave can be measured. ‘The residual current was measured separately. 

+ A single determination; other values are averages of triplicates. 


Constant 74:C ratios were observed in only three of the supporting elec- 
trolytes studied. These were 0.4 N HCI (K? = 5.90 microamperes), 0.1 N 
HCl (K = 5.10 microamperes), and 0.6 mM sodium borate buffer of pH 8.7 
(K = 0.98 microampere). 


*K = the diffusion current constant = 724/C where C = mo per liter. 
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The tg of a 0.001 m solution of nicotinic acid in 0.1 mM sodium borate 
buffer was 0.65 microampere and the ratio of 74:C increased with increas. 
ing concentration of nicotinic acid. 

The wave height of a 0.001 m nicotinic acid solution progressively de- 
creased as the pH was increased in the buffered solutions and finally dis. 
appeared at pH 10. 

The wave height of 0.001 mM nicotinic acid decreased in the following 
order in solutions of approximately the same pH: 0.3 m sodium acetate 
solution, 0.1 mM sodium acetate solution, and 0.1 mM potassium chloride 
solution (pH 7). 

Polarograms of nicotinic acid are shown in Figs. 2 and 3. 

The polarograph may be used for the determination of nicotinic acid, 
However, owing to the extraordinary effect of pH and buffer capacity on 
the diffusion current constant, extreme care must be used in its application, 
i The concentration of H* at the electrode surface must be maintained 
‘i constant at all times during a determination. The best current-concen- 
tration values were obtained in acid solutions. Although good waves could 
be obtained in sodium acetate, citrate, and bicarbonate solutions, the 
precision was not sufficiently high to warrant analytical determinations. 
Data showing the relation of current to concentration of nicotnic acid are 
given in Table IT. 


DISCUSSION 


Shikata and Tachi studied the reduction of pyridine at the dropping 
electrode in unbuffered salt solutions (3). They found two waves, the 
first at about —1.5 volts to the saturated calomel electrode and the second 
| at about —1.7 volts, when the electrolysis was carried out in a solution that 
+ contained 0.1 m KCI, 0.001 mw HCI, and 0.0125 m pyridine. They attributed 
& the first wave to the reduction of the pyridinium ion and the second to the 
be reduction of the undissociated molecule. These authors used the shift of 
; the tangent potential to distinguish the pyridine waves from the supporting 
electrolyte current. Their polarograms did not show a diffusion wave at 
—1.7 volts. 

These observations have been confirmed, but it is doubtful that the first 
wave represents the reduction of pyridinium ion instead of hydrogen ion. 
We have observed that when pyridine was added directly to a 0.1 m KCl 
solution, the half wave potential of the resulting wave was found to be 
—1.77 volts. The half wave potential of 0.001 m HCl in 0.1 m KCl was 
—1.49 volts. Adding pyridine to this solution did not change either the 
half wave potential or the slope of this hydrogen ion wave. This is the 
wave that Shikata and Tachi interpret as being due to the reduction of 
pyridinium ion. 

If they are correct in their interpretation, buffering the solution should 
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either have no effect or increase the height of the first wave if the buffered 


and unbuffered solutions have the same pH. Instead, the wave at —1.5 
yolts was eliminated under these conditions, and only one wave at —1.7 
volts was observed. 

Electrode Reactions—Polarographic waves generally result from one of 
two causes: (a) direct reduction by a transfer of electrons from the electrode 
to the reducible material; (6) catalysis of the reduction of H* at the elec- 
The height of the waves in the first 
ease is controlled solely by diffusion of the reducible material. The only 
effect of buffering the solution or changing its pH is to affect the half wave 
potential if H* plays a réle in the electrode reaction. 

The height of the waves in the second case is dependent on both the 
concentration of H* at the electrode and the concentration of the catalyst. 
This height may be used to determine the concentration of one factor when 
the other factor is held constant. 

In organic reductions, a third type of reaction is possible and many reac- 
tions are assumed to proceed by this path. This type involves reduction 
of H* at the electrode and then a secondary reduction of the reducible 
molecule by the nascent hydrogen. Thus, Shikata and Tachi postulated 
that pyridine was reduced to piperidine in unbuffered solutions according 
to the reactions 


6H* + 6e—-6H (electrode reaction) 
6H + (secondary reduction) 


Kolthoff and Lingane question that 6 electrons actually take part in the 
electrode reaction under these conditions (8). 
It has not been generally appreciated that if a diffusion wave is to be 


- formed as a result of this mechanism the H* taking part in the reduction 


must be reduced at a more positive potential than the H* of the supporting 
electrolyte alone. This requires a catalytic mechanism in which the cata- 
lyst is not very active. The reduction of both pyridine and nicotinic acid 
appears to follow a mechanism of this sort. 

The wave height will depend on the pH at the electrode surface as well 
as the concentration of reducible material and, under these conditions, the 
Ilkovié equation, 7g = 605 nD'Cmit*, where n = the electron change, 
D = the diffusion coefficient of the reducible material in the test solution, 
C( = the concentration of the reducible material in mM per liter, m = the 
weight of mercury in mg. flowing through the capillary per second, and 
{= the drop time, cannot be used to calculate the electron change. 

The approximate diffusion coefficient of pyridine was calculated from 
the conductivity at infinite dilution (9) by means of the equation given 
by Kolthoff and Lingane (7, 8). 

The apparent electron change for the reduction of pure pyridine in pure 
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potassium chloride (pH 7 to 8) was found to be 0.6, although the current 
was proportional to the concentration of pyridine. This substantiates the 
doubts of Kolthoff and Lingane. When the potassium chloride was re. 
placed by 0.1 M potassium phosphate buffer of pH 6.1 or 7.4, the apparent 
electron change was found to be 6. The function of the buffer is obvious. 

This effect was even more pronounced with nicotinic acid. Since no 
waves were observed when nicotinic acid was electrolyzed at pH 10 or 
higher, one concludes that the undissociated molecule is the catalyst for 
the primary reduction of H*. The true catalytic nature of the reduction 
is apparent from the fact that the 7, of a 0.001 m solution of nicotinic acid 
is about 6 times greater in 0.4 mM HC! than it is in 0.6 mM sodium borate buffer 
of pH 8.7. The influence of the buffer capacity on the wave is seen in the 
lack of proportionality between the current and concentration of nicotinic 
acid in all solutions that were not heavily buffered. In the presence of 
phosphate ions, the first ‘“‘reduction’’ wave was due to this type of reaction, 
but the products of the reduction strongly catalyzed the deposition of 
hydrogen from the buffer, and a true catalytic reduction of H* developed. 
One would expect that the half wave potentials of such reactions would be 
dependent on both the pH and the buffer, and that £; should be more 
positive in a buffered solution than in an unbuffered solution of the same 
pH. This was found to be true. 

These observations enable us to explain an apparent discrepancy be- 
tween the present results and those of Lingane and Davis (5). These 
authors found a wave with F; of —1.7 volts to the saturated calomel 
electrode when sodium nicotinate was electrolyzed in a 0.1 N KCI solution. 
We found no wave. We have found that the reaction in the alkaline region 
is very sensitive to the presence of buffers. A small amount of extraneous 
material in the solutions used by these authors could easily have caused a 
wave to appear. Since FE; shifts rapidly with pH, the half wave 
potentials of nicotinic acid in any but heavily buffered solutions have no 
significance. 


SUMMARY 


The polarographic behavior of pyridine and nicotinic acid in both 
buffered and unbuffered solutions has been studied. It has been concluded 
that the mechanism of the electrode reaction involves the primary reduc- 
tion of H+ to H according to the reaction nH*+ + ne — nH (electrode 
reaction). The molecules are then reduced by the hydrogen that 1s 
formed, R + nH — RH,. The Ilkovié equation cannot be safely used to 
calculate the electron change. 

It is concluded that pyridine is probably reduced to piperidine in un- 
buffered media. The contention of Shikata and Tachi that the pyridinium 
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ion is reduced at a more positive potential than the undissociated molecule 
could not be substantiated. 

No information regarding the number of H* or electrons involved in 
the reduction of nicotinic acid was obtained. The 72 of nicotinie acid was 
found to be dependent on the pH and buffer capacity of the solution as well 
as on the concentration of nicotinic acid. 

It is concluded that the nicotinic acid waves are due to the catalytic 
reduction of H* with the undissociated nicotinic acid molecule acting as a 
mild catalyst. ‘The nicotinate ion was not found to be reducible. 

Values for 7, and £; of both pyridine and nicotinie acid in several solu- 
tions have been reported. “ 

The complete data are on file at the University of California library. 
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GLUTAMINE AND GLUTAMIC ACID AS GROWTH FACTORS FOR 
LACTIC ACID BACTERIA 


By MAXWELL A. POLLACK ann MANFRED LINDNER 
(From the Department of Chemistry, The University of Texas, Austin) 


(Received for publication, February 9, 1942) 


In 1939 MelIlwain, Fildes, Gladstone, and Knight found that the growth 
of Streptococcus hemolyticus depended upon the addition of glutamine to 
their medium, the presence of as little as 0.1 y per ml. producing noticeable 
growth in 24 hours (1). dl-Glutamic acid also exhibited a growth action, 
but over 10,000 times as much was required for a similar effect. The 
suggestion was made that the organism might be able to synthesize 
glutamine from glutamic acid in high concentration, and that the essential 
growth activity dependent on glutamine was ammonia transfer, possibly 
similar to that found by Krebs (2) for animal tissues. 

Fildes and Gladstone (3) noted that other organisms, in particular 
Bacillus anthracis and Pneumococcus, were also stimulated by glutamine 
and concluded that it probably has a general bearing upon bacterial 
growth. MelIlwain (4) then reported that this effect was highly specific 
for glutamine, a number of related compounds and derivatives having no 
growth action for Streptococcus hemolyticus. Among these were several 
peptides of glutamine; whereupon he concluded that the organism probably 
lacked the enzymes for utilizing glutamine in protein synthesis, and there- 
fore this mechanism could not be used to account for the growth action. 
He did not consider the ammonia transfer function very likely either, since 
the organism was unable to use glutamic acid except in high concentrations. 
Ammonium pyrrolidone a-carboxylate, the major breakdown product of 
glutamine in aqueous solution, was also without effect. 

Preliminary observations in this laboratory had shown that glutamine 
had strong growth-promoting properties for certain lactic acid-producing 
bacteria on a synthetic medium, and we decided to investigate more thor- 
oughly some of the relationships involved. 


EXPERIMENTAL 


The bacteria were grown in the liquid medium proposed by Pennington, 
Snell, and Williams (5). After 24 hours, the culture was centrifuged, the 
medium decanted, and the cells suspended in 0.9 per cent sterile saline 
solution. 1 drop of this cloudy suspension was added aseptically to each 
test culture, which contained 2.5 ml. of the medium and 2.5 ml. of aqueous 
glutamine or other addendum. Since glutamine is rapidly decomposed by 


655 


~ 
a 
A 
A 
Li 
| 
tie 
dy 
4 & 
4 
| 
A 
i 
€ 
| 
4 
| 
4 


656 GLUTAMINE AND GLUTAMIC ACID 


heating in aqueous solution (6), sterilization was always carried out by 
filtration through a Berkefeld filter. The desired amounts of glutamine 
were then added aseptically to the tubes, which had been previously 
autoclaved and cooled, and all were then inoculated and allowed to ineu- 
bate at the appropriate temperatures for approximately 13 hours. The 
extent of growth was determined quantitatively by measuring the turbidi- 
ties of the resulting cultures by means of the Williams thermoelectric 
turbidimeter (7). 

1 liter of the medium contained the following substances: 10 mg. each of 
glycine, dl-alanine, /-leucine, dl-isoleucine, l-aspartic acid, dl-valine, /-histi- 
dine, l-tryptophane, l-proline, /-hydroxyproline, dl-serine, dl-threonine, 
l-tyrosine, /-cystine, dl-methionine, d/-8-phenylalanine, /-lysine, /-arginine, 


TABLE 
Effect of Glutamine on Growth of Lactic Acid Bacteria 


Amount of bacteria formed (wet cells per cc.) 

Gluta- ame 

mine | S.lectis | S.lectis | S. lactis | S. lactis! S. lactis | S. lactis | © 
124.2 17.5 

0.0 | a 50 | 35 8 20 25 25 15 20 
0.2 70 40 | 10 20 "25 35 20 25 
0.6 | 40 100 40 5O 35 30 
2 fb. 28 Fee 25 70 70 70 50 75 
2.0 | 80 260 170 40 110 100 110 90 75 
3.0 | 105 380 220 45 165 160 140 135 70 
4.0 | 175 500 200 70 210 200 190 165 70 
5.0 | 245 | 600 300 SS 270 260 210 i ai 

10.0 


240 650 330 45 190 180 280 | 275 | 


* This strain was isolated from milk at the University of Texas. 


l-asparagine, adenine, guanine, uracil, thymine, and xanthine, 20 gm. of 
glucose, 12 gm. of sodium acetate, 1.0 gm. each of potassium mono- and 
dihydrogen phosphates, 0.4 gm. of magnesium sulfate heptahydrate, 0.02 
gm. each of sodium chloride, ferrous sulfate heptahydrate, and manganous 
sulfate monohydrate, 5 mg. of inositol, 200 y each of thiamine, pyridoxine, 
calcium pantothenate, riboflavin, and nicotinic acid, 0.4 y of biotin, and 
5.0 y of folic acid concentrate (8). The pH of the medium was adjusted 
to 6.7 to 6.8 before use. 


DISCUSSION 


The striking growth effects produced by the addition of glutamine to the 
medium are shown in Table I. In every case, there was practically no 
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growth without glutamine, and a definite response to 0.2 to 0.6 y per ml. 
ina 13 hour test. It is highly significant that this lower limit of effective- 
ness was the same for all the organisms tested, and is in essential agreement 
with the lower limit found by Mellwain et al. (1) for Streptococcus hemolyti- 
cus. From the constancy of this effect, it appears likely that the function 
is the same in all cases. 


TABLE II 
Effect of l(+-)-Glutamic Acid on Growth of Lactic Acid Bacteria 


Amount of bacteria formed (wet cells per cc.) 


acid . . | L. pen- L. arabi 
y per cc. Y Y | Y 
0.0 15 20 25 25 15 | 2 
0.2. | 20 35 
0.6 | | 30 30 
1.0; 20 45 | | 25 5 | | 50 
| 145 | 110 | 95 
3.0. | | | | 210 225 | 160 150 75 
4.0. | | | | 180 
5.0; 20 55 | | | 275 | 320 | 230 200 75 
10 40 | so | 60 270 | 250 | 270 | 200 § 75 
15 55 1005 | | 290 | | 
20 80 215 90 | 30 240 | | | 70 
30 | 90 | 
50 155 | | | 
60 35 | | 
100 185 500 210 | 50 | 70 
160 «60 
200 270 70 | 70 
300 75 
400 280 
500 110 
1000 130 


To gain more insight into the problem, the ability of glutamic acid to 
replace glutamine under these conditions was investigated. As Table II 
shows, we found that /(+-)-glutamie acid also had strong growth-promoting 
properties for each organism, but the amounts required varied considerably. 
For five of the nine strains of bacteria tested, /(+)-glutamic acid was just 
as effective as glutamine, while for the other four organisms at least 11 
times as much glutamic acid was required for the production of equivalent 
growth (see Table III). 

These results indicated that glutamine and glutamic acid could both be 
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used by the bacteria for the same purpose or purposes, but with different med 
degrees of efficiency in some cases. It was unlikely that glutamic acid was | Vick 
being converted into glutamine, since the medium contained no source of amr 
ammonia other than the amino acids’ and other organic nitrogen -com- bact 
pounds. In such a medium one would not anticipate the equal effective- amr 
ness of glutamic acid and glutamine which was found in five cases. T 
Moreover, it was possible to test the likelihood of this mechanism further, acid 
for, if the lesser potency of glutamic acid in the other four cases was due to —_—esse 
only partial conversion to glutamine, then the addition of a high concentra- prot 
tion of ammonium salts would be expected to produce a much greater shot 
growth effect. mar 
all t 
III bing 
Relative Growth-Promoting Properties of Glutamine and I(+)-Glutamic Acid inca 
Bacterial Ratios of glutamic acid to glutamine required to produce same bacterial growth levels faints 
S. lactis S. Jactis S. lactis S. lactis S. lactis lactis grov 
30 25 | 21 | | | : wer 
70 11 19 Mt 4a 1.0 1.5 | 1.0] 23 
100 23 21 Li 4s 
140 13 15 23 | 09 | o8 1.0 | 1.0 arab 
180 24 14 | : 22 0.7 0.9 | 0.9 of p 
220 13 | 0.8 0.7 0.9 0.9 wou 
340 | | 

400 | 
requ 
This was tested by comparing the growth action of /(+)-glutamic The 
acid in the presence of 1 mg. of ammonium chloride per ml. with that in were 
the absence of ammonium salts. It was found that the presence of the of t 
salt led to a somewhat greater potency of glutamic acid, but the maximum It 
effects produced corresponded to the conversion of only 5 to 20 per cent cape 
of the acid to glutamine. Furthermore, it is probable that at least part but 
of this stimulation is of a general nature, since experiments run simul- synt 
taneously with glutamine on the ammonium chloride medium also showed of a 
eases of slight (lesser) growth stimulation. It was therefore concluded glut. 
that these bacteria do not depend on the conversion of glutamic acid to that 
glutamine for the utilization of the former compound. ami 
It should be mentioned that in the absence of glutamine and glutamic It n 


acid, no growth effect by the addition of ammonium chloride alone to the bact 


a 
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medium was observed at any time. This has additional interest, since 
Vickery has shown (9) that green plants can synthesize glutamine from 
ammonium salts and some carbohydrate metabolite. The lactic acid 
bacteria tested here showed no signs of such synthesis in the presence of 
ammonium chloride, glucose, and the other substances of the medium. 

The simplest explanation for the growth effects of glutamine and glutamic 
acid appeared to us to be that they were required for the synthesis of 
essential cell proteins. The universal distribution of glutamyl units in 
proteins of different types (10) makes it seem very reasonable that we 
should expect to find them also in the proteins of these bacteria. The 
many studies of the rdle of the amino acids in nutrition ((10) chapter 18) 
all tend to reinforce the theory that protein synthesis occurs by the com- 
bination of amino acids. Since we have found that these bacteria are 
incapable of producing their own glutamic acid or glutamine on the medium 
provided, it appears logical to consider that the addition of these substances 
permitted the synthesis of essential proteins, thus producing the observed 
growth effects. 

Further evidence on this point was provided by experiments wherein 
the vields of protein from known amounts of glutamine and glutamic acid 
were estimated, It was found that 19 to 20 y of dry cells of Streptococcus 
lactis 125 were obtained per microgram of glutamine, and 11 y of dry 
matter per microgram of /(+)-glutamie acid in the case of Lactobacillus 
arabinosus 17.5. If we assume that 50 per cent of the dry matter consisted 
of protein, then complete utilization of the glutamine and glutamie acid 
would correspond to the construction of proteins containing 10 to 20 
per cent of glutamyl units. These values are in line with the actual glu- 
tamic acid contents found for many proteins (10), and the important 
feature of this calculation is that the order of magnitude of the factor 
requirements is shown to be compatible with the idea of protein synthesis. 
The fact that the glutamine or glutamic acid requirements for the bacteria 
were never found to be below this order of magnitude is further indication 
of this mechanism. 

It is highly interesting that all the organisms tested are apparently 
capable of utilizing glutamine at what appears to be maximum efficiency, 
but vary considerably in so far as glutamie acid is concerned. For the 
synthesis of proteins, this may be taken to indicate the unequal distribution 
of at least two types of proteinases, which differ in their abilities to use 
glutamine and glutamic acid. Evidence has accumulated (11) to show 
that the carboxyl groups in proteins are found in both the free and the 
amide forms, and the proportions may be different with different proteins. 
It may be possible to correlate the results found here and the growth of 
bacteria in the presence of glutamic acid or glutamine with the presence of 
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glutamyl units in the free acid or amide form in the corresponding proteins 
produced. 

There are of course other functions which glutamine and glutamic acid 
may perform in connection with the growth of these bacteria, and it js 
highly possible that protein synthesis is only part of the story. For exam- 
ple, these substances may be essential catalysts in the metabolism of 
carbohydrate, possibly via oxidative deamination to a-ketoglutaric acid 
which can act through the citric evele (12). However, in such a case jt 
would be difficult to understand why aspartic acid and asparagine, which 
could presumably be converted to oxalacetic acid in similar fashion, were 
completely without action when tested here. From the work of Krebs 
and Cohen (13), it appears that the svstem glutamic acid — a@-iminoglutaric 
acid can act catalytically in hydrogen transport, but in the present work it 
would be difficult to explain the different growth effects of glutamic acid 
and glutamine on this basis. Other functions of these compounds have 
been reported in the literature, but we feel that none of them yields as 
satisfactory an explanation for the growth effects observed here as does the 
idea of simple requirement for protein synthesis. 


SUMMARY 


1. Nine lactic acid-producing bacteria are shown to require either 
glutamine or glutamic acid for growth. 

2. Five of these organisms responded as well to glutamic acid as to 
glutamine, but the other four required at least 11 times as much acid as 
amide to produce the same effect. 

3. It is unlikely that glutamic acid functions through the amide, be- 
cause both forms are equally potent on an ammonia-free medium in some 
eases, and the addition of a high concentration of ammonium chloride 
produces only a minor increase in the effectiveness of glutamic acid. 

4. None of the bacteria tested is capable of producing glutamine from 
glucose and ammonium salts. 

5. The most likely mechanism is that the bacteria require glutamine 
or glutamic acid simply for the construction of cell proteins, particularly 
in view of the fact that the requirements of these amino acids are of the 
order of magnitude which would be expected for this function. 


We wish to express our appreciation for the support of Dr. R. J. Williams 
and for the financial assistance of the Clayton Foundation of Houston, 
Texas. 
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A SIMPLE TISSUE LIQUEFIER 


By M. C. SHELESNYAK anp M. 8S. BISKIND :- 

(From the Beth Israel Hospital, New York) | 

(Received for publication, February 25, 1942) . 4 | 
In the course of studies requiring extractions of tissue, a small, simple, 
and highly efficient tissue press was developed. The apparatus, drawn to 
scale in the accompanying sketch (Fig. 1), consists of a heavy walled, brass, 
cylindrical shell (C), a hardened steel piston (/?) which fits into the barrel 
of C with a clearance of 0.0005 inch, and a brass receptacle disk (D). 


| al 


Fic. 1. Tissue press 


A key (A) is used for removing the piston from the cylinder after the tissue 
is pressed. Pressure is applied with a screw stirrup clamp. ) 

The tissue to be liquefied is placed in the cylindrical shell, the piston 
set into the barrel, and the two parts inverted and set on the disk as shown 
in Fig. 1. It is convenient to place a piece of waxed paper or parchment 
under the piston; this facilitates the removal of the expressed tissue. The 
screw is then turned; this applies pressure on the cylinder and forces the 
tissue out between the piston and the cylinder wall. The piston can be 
removed from the cylinder by taking out the flat-head machine-screw and 
attaching the key (A) in place. 

The clearance between piston and cylinder is so small (0.0005 inch) 
that the expressed tissue has the consistency of a heavy fluid. It has a 
smooth even texture, and is so liquefied that it can be drawn into a fine 
pipette with ease. ‘ 
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The press has been used with various parenchymatous organs, liver, 
spleen, kidney, testes, and the like. Microscopic examination of the tissue 
smears, or saline suspensions, revealed no basic tissue architecture. Whole 
cells are found, separate and distinct, but only rarely are they found in 
sizable PURE with kidney, tibeles may be recognized but these are 
distorted and broken into small fragments. 

The apparatus can be made as a single unit by fixing the piston perma- 
nently to the base-plate of the stirrup clamp, and by fixing the cylinder 
cup to the screw. The entire unit can then be arranged to work in a 
horizontal position, and the expressed tissue substance received in a tray 
or cup below the press. The press as described is used for 10 to 15 ce. 
of tissue. 
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ON THE COLORIMETRIC METHOD FOR THE DETERMINATION 
OF THE K VITAMINS 


By JOHN V. SCUDI ann RUDOLF P. BUHS 


(From the Merck Institute for Therapeutic Research and the Research Laboratory of 
Merck and Company, Inc., Rahway, New Jersey) 


(Received for publication, February 17, 1942) 


Recently a colorimetric oxidation-reduction method (1) for the deter- 
mination of the IX vitamins was described and certain criteria of specificity 
were Outlined. ‘The vitamin present is reduced catalytically and the 
resulting hydroquinone is treated with an excess of 2,6-dichloroindophenol 
in the absence of air. ‘The diminution in the color of the indophenol is a 
measure of the vitamin K originally present. The specificity of the method 
depends upon the solubility properties of the vitamin, and upon the fact 
that the oxidation-reduction potential of the substance measured must 
fall within a specified range. A preliminary reductive treatment of the 
sample with Claisen’s alkali (50 gm. of potassium hydroxide in 25 ce. of 
water diluted to 100 ec. with methanol) converts colored concentrates to 
essentially colorless solutions and adds much to the specificity of the test, 
since only polysubstituted hydroquinones which possess fat-soluble group- 
ings pass into the solution which is tested.' With certain concentrates, 
however, it was found that extraneous substances could simulate vitamin K 
in every respect except one; namely, they reduce the indophenol at a much 
slower rate, and are, consequently, easily detected in the course of the test. 
These substances were shown to possess the properties of the tocopheryl- 
quinones and their interference in the performance of the test was dimin- 
ished by restricting the reading time to 3 minutes, in which time the reduc- 
tion of the indophenol by the vitamin Ix hydroquinone is complete, whereas 
the reduction due to the tocopherylhydroquinones is only just beginning. 
It is clear that, if a sample contains a large amount of vitamin K, and 
small amounts of the tocopherylquinones, the interference of the latter 
substance will be insignificant, but as the amounts of the tocopheryl- 
quinones increase, the error becomes significant, and if the tocopheryl- 
quinone content is large, and the vitamin K content is small, then entirely 
erroneous results will be obtained. 

The present communication is concerned with the interference of these 
slowly reducing substances in the performance of the test. 


'2-Methyl- and 2,3-dimethyl-l,4-naphthoquinone do not pass through this 
treatment. 
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EXPERIMENTAL 


Fig. 1 shows the rate of reduction of 2,6-dichloroindophenol by different 
concentrations of a-tocopherylhydroquinone when the test is carried out 
as previously described for the K vitamins. Fig. 2 shows similar data 
obtained with solutions containing both vitamin K, and a-tocopheryl- 
hydroquinone, a typical, slowly reducing, interfering substance. For a 
fixed concentration of vitamin Kk, (12.1 y per ec.) the quantities estimated 
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Fic. 1. The reduction of 2,6-dichloroindophenol by tocopherylhydroquinone. 
Curve 1, control; Curves 2 to 5, obtained with solutions containing tocopheryl quinone 
concentrations equivalent to 3.84, 5.76, 7.70, and 16.0 y of 2-methyl-1,4-naphtho- 
quinone per cc. 


from the 3 minute reading vary from 102 per cent in the presence of 
4.81 y of tocopherylquinone per ec. to 125 per cent in the presence of 19.2 ¥ 
of tocopherylquinone per ec. For the solution containing 6.05 y of vita- 
min K, and 9.62 y of tocopherylquinone per cc. the apparent recovery from 
the 3 minute reading is 141 per cent. Thus, with decreasing concentra- 
tions of vitamin Kk, and increasing concentrations of the slowly reducing 
substances, increasingly positive errors_are introduced. If, however, the 
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curves shown in Fig. 2 are extrapolated to zero time, the values so obtained 
give recoveries of 98, 99, 100, and 100 per cent. 

Fig. 3 shows a typical calibration curve obtained with the Evelyn color- 
imeter with Filter 660. The ordinate is expressed directly in terms of the 
galvanometer deflections. A straight line is obtained if log (1/7) is plotted 
against concentration of 2-methyl-1 ,4-naphthohydroquinone. The initial 
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Fic. 2. The reduction of 2,6-dichloroindophenol by solutions containing both 
tocopherylhydroquinone and reduced vitamin K,. The solutions used to obtain 
Curves 1, 2, and 3 contained 12.1 y of vitamin K, per ec. (equivalent to 4.40 y of 
2-methyl-1,4-naphthoquinone) in each case, but the tocopherylquinone content was 
equivalent to 1.86, 3.71, and 7.42 y of 2-methyl-1,4-naphthoquinone respectively. 
Curve 4 was obtained from a solution containing 6.05 y of vitamin K, and 9.62 y of 
tocopherylquinone, the total being equivalent to 5.90 y of 2-methyl-1,4-naphtho- 
quinone per cc. 

Fic. 3. Calibration curve for the Evelyn photoelectric colorimeter, Filter 660. 
The abscissae are expressed as 2-methyl-! .4-naphthoquinone in micrograms per cc. 
of the solution tested. The points obtained are designated as follows: ©, solutions 
of vitamin K,; ©, solutions of the 2-methylnaphthoquinone, 3 minute readings; 
A, solutions of a-tocopherylquinone, final steady readings; circle in a triangle, 
solutions containing both the tocopherylquinone and vitamin K,, final readings; 
© solution of 2,3-dimethyl-l,4-naphthoquinone. 


concentration of the indophenol is adjusted to give 15 per cent transmission, 
and as the indophenol is reduced by increasing concentrations of the hydro- 
quinones, the transmission increases. The abscissa is expressed in micro- 
grams of 2-methyl-1,4-naphthoquinone. The colorimeter was originally 
calibrated against this substance, and the readings taken 3 minutes after 
the indophenol and the hydroquinone were mixed, Higher concentra- 
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tions of the 2-methyl-1,4-naphthoquinone (5 to 8 y per ec.) give unstable 
end-points. While the major part of the reduction is complete within 
3 minutes, a significant part of the reduction continues beyond this time 
interval. Since vitamin Kk, gives stable end-points, this material is more 
suitable for purposes of calibration. 

Fig. 3 shows typical data obtained with solutions of 2-methyl-1,4- 
naphthoquinone or vitamin Ky. ‘The final, steady values obtained with the 
a-tocopherylquinone (Fig. 1) and the combined values obtained with 
the solutions containing both vitamin Kk, and tocopherylquinone together 
(Fig. 2) are also plotted. The most widely divergent points fall within 8 
per cent of the theoretical. 

It is advantageous to avoid the formation of the tocopherylquinones 
in the course of the preparation of vitamin K concentrates, and this ean 
be accomplished to a large extent by working under nitrogen at reduced 
pressures in the absence of light. The use of hydroquinone as an anti- 
oxidant is entirely feasible, since prodigious quantities of this protective 
substance are removed by the reductive treatment with Claisen’s alkali 
prior to analysis. But, if a given sample already contains tocopheryl- 
quinones and other slowly reducing substances, such protective measures 
are of no value. It seemed desirable, therefore, to investigate means of 
removing these interfering substances. 

Based on the assumption that the interfering substances are largely 
tocopherylquinones, the method of Tishler and Wendler (2) was used to 
cyclize these quinones. This reductive ring closure proceeds smoothly, 
giving excellent yields of the tocopherols, which do not interfere in the 
test procedure, but vitamin Kk; gave poor recoveries following the same 
treatment and no optimum could be established. Preliminary reduction 
of the double bond in the phyty! chain to prevent the possible cyclization 
of vitamin Kk, did not increase the stability of the vitamin to the treatment 
reported by Tishler and Wendler. The lability of vitamin K to acids 
and alkali suggested that duplicate determinations before and after the 
destruction of vitamin K might give an accurate estimate of the vitamin. 
Treatment of petroleum ether extracts with 85 per cent sulfuric acid 
according to the method of Parker and McFarlane (3) removed all of the 
vitamin K, but all of the slow reducers were simultaneously removed. 
Destruction of the K vitamins with sodium hydroxide was not standard- 
ized, since the tocopherylquinones are also destroyed by alkali. 


SUMMARY 


The influence of extraneous, slowly reducing substances upon the per- 
formance of the colorimetric test for the determination of the Kk vitamins 
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has been investigated. It has been shown that the error caused by this 
interference is eliminated by extrapolation to zero time. 
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THE FORMATION OF PHOSPHORYLATED GLYCERIC ACID IN 
THE BLOOD CELLS OF VARIOUS SPECIES 


By 8. RAPOPORT ann GEORGE MARTIN GUEST 


(From the Children’s Hospital Research Foundation and the Department of Pediatrics, 
College of Medicine, University of Cincinnati, Cincinnati) 


(Received for publication, February 19, 1942) 


In an earlier paper (1) we reported data showing a great diversity in the 
concentrations and relative distributions of organie acid-soluble phosphorus 
compounds in various species of erythrocytes. In most of the mammalian 
bloods examined the concentration of organic acid-soluble P in the cells 
was between 50 and 100 mg. per 100 ce., and of this a high proportion was 
diphosphoglycerate P. On the other hand, only traces of phosphoglycerate 
were found in the erythrocytes of several ungulates (sheep, goat, deer, 
beef) and none in the nucleated erythrocytes of birds and reptiles. These 
findings invited further investigations to determine whether the various 
species of blood cells differed in their ability to form phosphorylated glyceric 
acid in vitro, and whether the phosphoric esters thus formed in different 
species of blood might differ in character. It seemed too that such studies 
should yield evidence concerning the validity of the theory elaborated by 
Dische (2) concerning the réle of phosphoglyceric acid as a link in the 
glycolysis of human and other species of blood. 


EXPERIMENTAL 


The collection of blood samples and the analytical methods used have 
been described previously (1). To inhibit the decomposition of phospho- 
glycerate in the blood sodium fluoride was added to each sample in sufficient 
quantity to make its concentration 0.02 N. Sodium pyruvate, presumed 
to be the physiologic hydrogen acceptor in the reaction leading to the 
formation of phosphoglycerate (2), was added to make its concentration 
0.01 x. To blood containing nucleated erythrocytes KCN was added to 
make its concentration 0.003 N, in order to establish maximal glycolysis and 
to inhibit the oxidative removal of intermediary substances formed in 
the breakdown of glucose. All blood samples were incubated at 37.5° 
for 23 hours. 


Results 


The data presented in Table I indicate that phosphorylated glyceric 
acid accumulated in all the bloods studied, including those which normally 
do not contain any demonstrable phosphoglycerate. This suggests that 
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in each blood the breakdown of carbohydrate took place with the inter. 
mediate production of phosphoglyceric acid according to the reactions de- 
scribed by Dische (2) as occurring in human blood. Presumably the phos- 
phoglycerate accumulated because the addition of sodium fluoride inhibited 
its decomposition by interrupting the glycolytic cycle at this stage. 


TABLE I 
Formation of Phosphorylated Glyceric Acid in Blood Cells of Various Species 


Blood + sodium fluoride + sodium pyruvate; analyses were made before and 
after incubation for 24 hours at 37.5°. 


| Cells 
inorganic P Easily Phosphoglycerate of 
hydrolyzable P p* 
me. per 100 cc. mg. per 100 cc. | mg. per 100 cc. | mg. per 100 “: 
Pig Before 7.3 11.9 | 43.7 
After 8.6 | 9.4 49.1 5.4 
Rabbit Before 3.5 | 13.0 45.2 
After 2.5 | 6.0 55.8 | 10.6 
Man Before 3.8 | 11.0 26.0 | 
After 3.0 | 7.0 33.0 7.0 
Horse Before 2.1 | 2.5 33.4 
After 1.8 1.8 35.6 2.2 
Sheep Before 6.5 5.8 <0.8 
After §.2 3.8 3.2 >2.4 
Beef Before 6.7 3.9 <0.7 | 
After 5.1 2.7 4.8 >4.1 
Pigeon Before 5.5 18.2 <1 
After 17.2 1.0 6.3 >5.3 
Turkey Before 5.2 11.2 <1.5 
| After 10.4 0 7.5 >6.0 
Chicken _ Before 2.4 7.0 <1 
After 3.8 0.6 6.2 >5.2 
Turtle Before 7.2 11.1 <2 
After 7.8 2.1 8.6 >6.6 


* It was assumed that diphosphoglycerate was formed in the blood of pig, rabbit, 
man, and horse, and that monophosphoglycerate was formed in the other bloods. 


The evidence for the existence of a glycolytic system in the erythrocytes 
of pig blood is especially significant, because these cells have been held 
to have no glycolytic power. It is to be noted that in this blood the esteri- 
fication of inorganic P appeared to be absent, although it was observed 
in all other mammalian bloods. This might be interpreted as indicating 
either a preponderant influence of phosphatases, or a weak system for the 
esterification of adenylic acid with inorganic P. The weak glycolytic 
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power of these cells favors the second explanation, but both may be valid. 
Either circumstance would make for instability of the glycolytic system 
of the pig blood cells. 

In blood containing nucleated erythrocytes increases of inorganic P 
as well as of phosphoglycerate occurred during the incubation period, 
and the easily hydrolyzable fraction decreased more than in mammalian 
blood. ‘These observations are in accord with the experiences of Engel- 
hardt (3) who found that adenosine triphosphate in avian blood cells was 
preserved only if aerobic rephosphorylation of adenylic acid took place. 
In the experiments reported here the increase of inorganic P was less than 
the decrease in the concentration of the easily hydrolyzable fraction, 
indicating that phosphorus was transferred from the easily hydrolyzable 
fraction to one more resistant to acid hydrolysis, most likely phos- 
phoglycerate. 

Results of previous experiments indicated that diphosphoglycerate ac- 
cumulated in rabbit blood to which pyruvate and sodium fluoride had been 
added. Hevesy and coworkers (4), using radioactive P as a tracer, es- 
tablished the fact that diphosphoglycerate was continuously formed and 
decomposed in the blood cells of rabbits. -Thus it appeared that diphos- 
phoglycerate is a physiologic intermediary in the glycolytic evele of rabbit 
blood cells, and presumably of other cells that have been found to contain 
this substance. In the case of blood which normally contains little or no 
phosphoglycerate, however, it was of interest to determine whether the 
phosphoglycerate formed in vitro (as shown in Table 1) was the mono- or 
diphosphoric ester. Beef blood was chosen as representative of mam- 
malian blood with low phosphoglycerate, and goose blood as representative 
of avian blood with nucleated erythrocytes which normally contain no 
phosphoglycerate. The phosphoglycerate formed in these bloods in the 
presence of added pyruvate and fluoride (and KCN, in the goose blood) 
was isolated in pure form for analysis, as follows: 

Isolation of Barium Monophosphoglycerate from Beef Bload—-To 1800 ce. 
of beef blood were added 180 ec. of 0.2 N NaF solution and 60 ec. of sodium 
pyruvate solution. After incubation at 37.5° for 3 hours, 60 ec. of 10 per 
cent CaCl, solution were added and the proteins were precipitated by adding 
600 ce. of 40 per cent trichloroacetic acid. The semiliquid mass was 
centrifuged and the supernatant fluid decanted and filtered. The clear 
filtrate was made alkaline with 30 per cent NaOH solution and then re- 
acidified with nitric acid to pH 3. A slimy precipitate that formed, con- 
sisting mainly of CaF, was removed by filtering, and 50 cc. of a 25 per cent 
solution of lead acetate, at pH 4, were added to the filtrate. After standing 
overnight the resultant precipitate was centrifuged, washed twice by 
centrifugation with approximately 0.2 per cent lead acetate, and then 
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decomposed with hydrogen sulfide. The precipitated lead sulfide was sys. 
pended in dilute nitric acid and H.S gas again passed through it. The 
combined filtrates were adjusted to pH 3 and treated with a few cc. of 29 
per cent mercuric acetate solution in 2 per cent acetic acid to precipitate 
the nucleotides. The bulky precipitate was removed by centrifugation 
and the excess of mercury in the supernatant fluid was removed by bubbling 
H.S gas through it. Following this the solution was aerated. The inor. 
ganic P was then precipitated with magnesium nitrate in ammoniacal 
solution at pH 10, and removed by filtering. The filtrate was reacidified 
with acetic acid to pH 6, and an equal volume of alcohol was added, fol- 
lowed by 100 cc. of 25 per cent lead acetate solution. The resulting pre- 
cipitate was centrifuged the next dav, washed repeatedly by centrifugation 
with weak lead acetate solution, and then decomposed with HS. The 
precipitate of lead sulfide was washed, and the filtrate and washings were 
combined and aerated to remove the excess of HoS. The last traces of 
nucleotides were precipitated with mercuric acetate at pH 6. This small 
amount of precipitate was removed, the excess mereury in the solution 
precipitated with Hes, and the filtrate was aerated. 

The solution was adjusted to pH 6, and 5 ec. of a 50 per cent solution 
of barium acetate and 2 volumes of alcohol were added. <A flocculent 
precipitate appeared. This precipitate was repeatedly washed by cen- 
trifugation with 65 per cent alcohol, redissolved in a small volume of 0.03 x 
HCl, and alcohol was slowly added. A precipitate appeared, at first 
amorphous and then becoming crystalline after the container was scratched 
with a glass rod. It was washed with aleohol and ether and dried. The 
weight was 110 mg. A preliminary analysis indicated the presence of the 
barium salt of monophosphoglveeric acid. It was recrystallized and dried 
in vacuo at 58°. 

C;H;,O;PBa-2H.O. Calculated. Ba 40.5, P 9.13, glyceric acid 30.2 
Found. “ “30.6 

Isolation of Barium Monophosphoglycerate from Goose Blood—-12 ee. 
of 0.2 N Nak solution, 6 ec. of 0.2 N sodium pyruvate solution, and 6 ee. 
of 0.05 Nn KCN solution were added to 120 ce. of goose blood, and the 
mixture was incubated 3 hours at 37.5°. The proteins were precipitated 
with trichloroacetic acid and removed by centrifugation and _ filtration. 
From the filtrate inorganic P and phytic acid (5) were precipitated with 
magnesium acetate and ammonium hydroxide at pH 10. The precipitate 
was dissolved and similarly reprecipitated in asmall volume. Lead acetate 
was added to the combined supernatant fluids, adjusted to pH 7, and the 
lead was removed from the resultant precipitate as described above. The 
bulk of the nucleotides was precipitated with mercuric acetate at pH 3, 
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the excess of mercury was removed, and barium acetate then added at pH 6. 
The resultant precipitate, consisting mainly of Bak, was removed and 
the phosphoglycerate was precipitated with 2 volumes of aleohol. This 
precipitate was dissolved in 0.05 N HCl, the last traces of nucleotides were 
removed with mercuric acetate at pH 6, and the phosphoglycerate was 
reprecipitated as the barium salt. This salt was washed several times, re- 
dissolved in a small volume of 0.03 N HCI, and then obtained in a crystalline 
form by the cautious addition of 1.5 volumes of alcohol. It was recrystal- 
lized once more from a small volume of fluid, washed with alcohol and 
ether, and dried in vacuo over phosphorus pentoxide. The yield 


was 3.4 mg. 
C;H;0;PBa-2H,O 

Calculated. P 9.13, glyceric acid 30.2, P to glycerie acid ratio 1:1 

The low values for P and glyceric acid appear to be due to contamination 
with Bak. ‘The ratio of phosphorus to glyceric acid seems to rule out the 
presence of any other phosphoric ester in the preparation, including di- 
phosphoglyceric acid. 
3 DISCUSSION 


Under the conditions of these experiments the concentration of phos- 
phorylated glyceric acid increased in all the bloods studied, as was expected 
if the breakdown of glucose occurred according to the Embden-Meyerhof 
theory. Also, in all mammalian bloods with the exception of pig blood, 
inorganic P was esterified in the presence of pyruvate and sodium fluoride, 
indicating the general occurrence of the esterification of inorganic P coupled 
with the formation of phosphoglyceric acid as observed by Dische (2). 
In avian nucleated erythrocytes, and in the erythrocytes of mammals which 
contain little if any phosphoglycerate, monophosphoglyceric acid is formed 
in the glycolytic evcle, as it is in all other tissues thus far studied; whereas 
in the erythrocytes of most mammals which normally contain considerable 
amounts of diphosphoglycerate the latter substance is formed as the physi- 
ologic intermediary. Recent studies from Warburg’s laboratory may 
furnish a better understanding of the mechanism of the formation of mono- 
and diphosphoglyceric acid in blood cells and of the relationships between 
these two compounds. Using purified enzyme preparations from yeast, 
Negelein and Broemel (6) found a labile diphosphoglyceric acid to be 
formed as a precursor of monophosphoglycerie acid. This labile ester 
differed in structure from the stable 2,3-diphosphoglycerie acid of blood 
cells. Monophosphoglyceric acid was produced from the labile ester by 
dephosphorylation. Such findings suggest that in blood cells which 
normally have a high content of diphosphoglyceric acid, the labile isomer 
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is transformed into the stable compound, whereas in other blood cells 


dephosphorylation of the labile ester with formation of monophospho- 


glyceric acid takes place. 

Differences in the concentrations of phosphorylated glhyceric acid jn 
blood cells possibly may be correlated with differences between mono- and 
diphosphoglycerates in their susceptibility to enzymatic attack. Diphos- 
phoglyceric acid is known to be very slowly attacked by phosphatases and 
to require intact cells for its decomposition (7). Monophosphoglycerie 
acid, on the other hand, is rapidly decomposed in hemolysates (8). Thus 
it may be that because of the different rates of enzymatic attack the equi- 
librium between synthesis and decomposition is strongly in favor of break- 
down in cells which form monophosphoglyceric acid, compared with that in 
cells which form diphosphoglyceric acid. 

In a previous paper (1) we suggested that the ability to form diphos- 
phoglyceric acid, absent in phylogenetically older blood cells, appeared to 
be an acquired characteristic of mammalian erythrocytes. It appeared 
that the low concentration of organic acid-soluble phosphorus in certain 
species of mammalian cells, correlated with the absence of diphospho- 
glycerate and the occurrence of monophosphoglycerate as an intermediary 
instead of diphosphoglycerate in some, might constitute secondary de- 
velopments of ontogeny. These conclusions are supported by the findings 
of Green and Macaskill (9) and Malan (10), who found high concentrations 
of organic acid-soluble P in the blood of lambs and calves. We also have 
found high concentrations of organic acid-soluble P in the blood cells of 
calves during the Ist week of life, with phosphoglycerate accounting for 
half of the organic acid-soluble P (unpublished data). Such findings at 
least suggest that the blood cells in the young of all mammalian species 
have somewhat similar high concentrations of phosphorus and a similar 
ability to form diphosphoglyceric acid. 


SUMMARY 


As expected according to the Embden-Meyerhof theory, phosphorylated 
glyceric acid accumulated in each of ten species of bloods during the incuba- 
tion of these bloods with added sodium fluoride and pyruvate. Under 
these conditions monophosphoglycerate was formed in beef blood, taken as 
representative of the group of mammalian bloods with a low concentration 
of organic acid-soluble phosphorus in the red cells, and in goose blood, 
representative of avian bloods with nucleated erythrocytes, 


BIBLIOGRAPHY 


1. Rapoport, 8., and Guest, G. M., J. Biol. Chem., 138, 269 (1941). 
2. Dische, Z., see discussion and citations in Guest, G. M., and Rapoport, 8. 
Physiol. Rev., 21, 410 (1941). 


| 


an 


S. RAPOPORT AND G. M. GUEST 677 


_ Engelhardt, W. A., Biochem. Z., 227, 16 (1930) ; 261, 343 (1932). 
_ Hevesy, G., and Aten, A. H. W., K. Danske Vidensk. Selsk., Biol. Medd., 14, No. 


5 (1939). Hevesy, G., and Hahn, L., K. Danske Vidensk. Selsk., Biol. Medd., 
15, No. 7 (1940). 


_ Rapoport, S., J. Biol. Chem., 136, 403 (1940). 

_ Negelein, E., and Broemel, H., Biochem. Z., 301, 135 (1939). 

. Rapoport, S., and Guest, G. M., J. Biol. Chem., 129, 781 (1939). 

_ Braunstein, A. E., Biochem. Z., 272, 21 (1934). Schuchardt, W., and Vercellone, 


A., Biochem. Z., 272, 437 (1934). 


_ Green, H. H., and Maeaskill, E. H., J. Agric. Se., 18, 334 (1928). 
Malan, A. [., J. Agric. Sec., 18, 397 (1928). 


| 
n | 
d 
10 
i- | 
K- 
in | 
LO 
in | 
| 
ys 
ve 
of | 
or 
| 
eS 
ar 
| 
n 
d, | 


| 
: 
gor 
for 
rec 
anc 
(1.€ 
spe 
| wat 
qui 
| of | 
GP] 
an ¢ 
(400 
and 
the 
give 
| welg 
ated 
peric 
tions 
grou 
| with 
from 
emac 
| on en 
fur w 
quent 


SOME NEW DIETARY ESSENTIALS REQUIRED BY 
GUINEA PIGS 


By D. W. WOOLLEY* 
(From the Lavoratories of The Rockefeller Institute for Medical Research, New York) 


(Received for publication, March 10, 1942) 


Since the development of highly purified diets capable of supporting 
good growth of rats and mice, it has been considered advisable to search 
for new dietary essentials with the aid of other species of mammals. The 
recognition of the essentiality of nicotinic acid (1), pantothenic acid (2), 
and inositol (3) following the employment of less commonly used species 
(i.e., dogs, chicks, and mice) was a further reason for the use of a new 
species. Accordingly, the nutritive requirements of the guinea pig were 
investigated. In this paper data will be presented to show that besides the 
water-soluble vitamins now recognized in pure form, the guinea pig re- 
quires at least three other dietary essentials for growth and maintenance 
of life. For convenience these factors have been designated GPF-1, 
GPF-2, and GPF-3. The concentration of one of these substances to such 
an extent that only 5 mg. per day were sufficient to produce good growth 
(400-fold concentration) will be described. 


EXPERIMENTAL 


General Assay Procedure—Groups of three guinea pigs, each between 1 
and 6 days of age (60 to 90 gm.), were placed together in a cage and fed 
the appropriate diet and water ad libitum. In addition, each animal was 
given a solution of 10 mg. of ascorbic acid each day by pipette. Body 
weights were taken once each week. The various supplements were evalu- 
ated from consideration of the average weekly gain over a 3 week test 
period, and by the percentage of survival during this period. The observa- 
tions with each supplement were repeated at least once with a subsequent 
group of three guinea pigs. 

No characteristic symptoms, except failure of growth and death, occurred 
with sufficient regularity in guinea pigs deficient in GPF-1 or GPF-2 to 
permit use of such symptoms as criteria of assay. Before animals died 
from a deficiency of either of these vitamins, they became inactive and very 
emaciated. In GPF-2 deficiency the hair was observed invariably to stand 
onend. This made the animals look and feel like cotton. However, rough 
fur was sometimes observed as a result of a deficiency of GPF-1. A fre- 
quent symptom in the later stages of deficiency of GPF-1 was the inability 


* With the technical assistance of A. G. C. White. 
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to stand. The animals sometimes remained on one side, limp and helpless, 
for several days before death. 

Response to Highly Purified Ration—A basal ration was prepared by 
mixing the following substances: sucrose 76 gm., vitamin-free casein 18 
gm., salts (4) 5 gm., fortified corn oil 1 gm.,' choline 100 mg., inositol 100 
mg., thiamine 0.2 mg., riboflavin 0.5 mg., pyridoxine 0.2 mg., nicotinic 
acid 1 mg., pantothenic acid 1 mg., and ascorbic acid 10 mg. When guinea 
pigs were fed this ration, they failed to grow and died in from 2 to 3 weeks, 
A typical response in growth is illustrated by the first entry in Table J, 
It was evident that a diet which was sufficient for the rat and the mouse 
was totally inadequate for the guinea pig. 


TABLE I 
Evidence for Two New Factors 
The basal ration was the highly purified mixture described in the text. The dried 
grass was incorporated as 2 per cent of the ration. The numbers in the second column 
refer to the percentage of the supplement not including the dried grass. 


Supplement Amount in ration 

per cent gm. 
Linseed oil meal + dried grass............ Poe 19 
10 14 

50% ethanol extract of linseed oil meal + dried 
50% ethanol residue of linseed oil meal + dried grass ” ~ 3 5 


Above extract + residue + dried grass...... ye 25 24 

A supplement of 10 gm. per day of fresh cabbage produced fair growth. 
However, green and succulent material was not essential, for it was found 
that the feeding of Steenbock’s stock ration® plus ascorbic acid resulted in 
gains of 30 to 40 gm. per week. Therefore the individual constituents of 
Steenbock’s stock ration were tested as supplements to the highly purified 
basal ration. No single material was adequate when it was fed at the same 
level as it occurred in the Steenbock ration. However, linseed oil meal 
produced some response, and so it was tested at higher levels. 25 per cent 


‘To each 100 gm. of corn oil were added 1 gm. (200,000 u.s.p. units) of vitamin A 
concentrate, 1 gm. of viosterol (10,000 U.s.P. units of vitamin D), 1 gm. of a 40 per 
cent concentrate of a-tocopherol from wheat germ oil, and 10 mg. of 2-methyl-l,4- 
naphthoquinone. The vitamin concentrates were generously supplied by Dr. K. 
Hickman of Distillation Products, Ine. 

2 Composed of corn 76, casein 5, milk powder 50, linseed oil meal 16, alfalfa leaf 
meal 2, bone ash 0.5, and salt 0.5 parts. 
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of linseed oil meal produced very good growth for the first 3 to 4 weeks. 
The animals appeared in excellent health and their fur had a smoothness 
and gloss better than that seen on animals fed standard rations. Results 
in the following weeks will be presented below under “Evidence for third 
factor.’ 10 per cent of linseed oil meal was not quite as good as 25 per 
cent, and 5 per cent was of little value. 

Separation of GPF-1 and GPF-2—When linseed oil meal was extracted 
three times at room temperature with 50 per cent ethanol, neither extract 
nor residue would support growth when it was added to the highly purified 
basal ration. When the two fractions were combined, activity was re- 
covered (Table I). (In an attempt to supply the so called grass juice 
factor (5), 2 per cent of a specially dried grass (Cerophyl) was added to the 
purified basal ration in this and subsequent tests. ) 

The substance extracted by 50 per cent alcohol has been designated 
GPF-1, and that insoluble in this solvent has been called GPF-2. 

Basal Ration for Assay of GPF-2—-To produce a ration for the assay of 
GPF-2 each 100 gm. of the highly purified basal ration described above 
were mixed with 2 gm. of dried grass (Cerophyl) and the extract obtained 
by extracting 25 gm. of linseed oil meal three times with 300 ec. portions 
of 50 per cent ethanol. The extract was concentrated under reduced pres- 
sure to about 5 cc. before it was added to the other ingredients of the ration. 

Only preliminary studies have been made of GPF-2. It was not ex- 
tracted by alcohol, acetone, or acetone and HCl. Besides linseed oil meal, 
10 per cent of dried grass (Cerophyl) or 10 per cent of the alcohol-insoluble 
portion of aqueous extract of beef liver also contained adequate amounts 
of this factor. It was not replaceable by flaxseed mucilage,* calcium 
gluconate, gum arabic (7), glucurone,* chondroitin,® mucic acid, galactose, 
biotin, or p-aminobenzoic acid. Since these substances were inactive, it 
is not necessary to present the hypotheses which led to their trial. The 
data are summarized in Table II. 

Basal Ration for Assay of GPF-1—The basal ration for the assay of 
GPF-1 was produced by mixing each 100 gm. of the highly purified basal 
ration described above with 2 gm. of dried grass (Cerophyt) and the residue 
left after 25 gm. of linseed oil meal had been extracted with 50 per cent 
ethanol. 

Concentration of GPF-1——-A few properties of GPF-1 which may be of 
value in the concentration of it will be enumerated. Other properties will 


*Part of this material was given by the Archer-Daniels-Midland Company of 
Minneapolis; part was prepared according to Neville (6). 

* Kindly supplied by Dr. W. F. Goebel of the Hospital of The Rockefeller Institute 
for Medical Research. 

§ Kindly supplied by Dr. David Klein of The Wilson Laboratories. 
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appear from the manner in which the best concentrate was obtained (see 
below). It was not extracted from linseed oil meal by 95 per cent ethanol 
or by acetone. It was not readily destroyed by alkali, for when a crude 
preparation was allowed to stand for 1 day in 0.10 N barium hydroxide, 
and then freed of barium with H.SO,, part but not all of the activity re- 
mained. Fullers’ earth adsorbed it, and it was eluted by barium hydroxide 
or by dilute alcoholic pyridine. It was only partially removed from acid 
aqueous solution by norit (20 gm. of norit for the extract from 100 gm. of 
linseed oil meal). 

A typical concentrate was prepared as follows: 1 kilo of linseed oil meal 
was suspended in 3 liters of 50 per cent ethanol and allowed to stand over- 
night. The suspension was filtered and the residue was extracted twice 
more in similar fashion. The combined extracts were concentrated under 


TABLE II 
Efficacy of Some Materials and Compounds As GPF-2 


Supplement | Amount in ration | Average weekly 


| gain 

per cent gm. 

Alcohol-insoluble liver extract.....................| 5 7 
3 


reduced pressure to a sirup. This residue was warmed with 1 liter of water 
and filtered. The filtrate was diluted to 5 liters, acidified (pH 2) with 
HCl, and stirred with 250 gm. of fullers’ earth (Lloyd’s reagent). The 
filtrate was treated again with 100 gm. of fullers’ earth. The combined 
adsorbates were washed with water, then eluted by suspension in 1 liter of 
cold, saturated barium hydroxide. The elution was repeated. The eluates 
were freed of barium with H»SO, and the filtrate from the BaSO, was 
treated with excess lead acetate. The filtrate from the precipitate which 
formed was freed of lead with H.S and the filtrate from the PbS was con- 
centrated under reduced pressure to a sirup (5 gm.). This material was 
dissolved in 150 ec. of water and extracted ten times with butanol. The 
residual aqueous phase (2.5 gm. of dry matter) contained all of the ac- 
tivity of the linseed oil meal in so far as could be determined by the assay 
method. The data are summarized in Table III. 
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Evidence for Third Factor (GPF-3)—When both GPF-1 and GPF-2 
were added to the basal ration in the form of linseed oil meal, growth was 
good and the condition of the animals was normal for the first 3 to 4 weeks. 
Following this, growth ceased abruptly and in many instances loss of 
weight ensued. Death resulted within a week or two. At the time that 
growth ceased, the animals lost their sleek appearance but they usually 
did not appear rough or moribund until just before death. Dried grass 
(Cerophyl) as 5 per cent of the ration reduced but did not eliminate this 
condition. It was for this reason that grass was added to the basal rations 
for assay of GPF-1 and GPF-2. No material was found which would 
eliminate the symptoms when it was added to the ration in relatively 
small amounts. For this reason there is no certainty that a dietary defi- 


Taste IIl 
GPF-1 Activity of Fractions Prepared from Linseed Oil Meal 
The amount of fraction derived from 25 gm. of linseed oil meal was added to 100 gm. 


of basal ration. 


Supplement Average weekly gain 


gm. 
Water-soluble portion of 50% ethanol extract of linseed oil meal 24 . 
Fullers’ earth filtrate. j | | 5 
95% ethanol extract of linseed oil meal | 2 
Ba(OH). eluate of fullers’ earth. 23 
Ethanolic pyridine eluate of fullers’ earth 22 
Lead acetate filtrate. ar 32 
Butanol residue | Loe 27 


clency was involved. However, since the condition was not seen when 
either Steenbock’s stock ration or the usual type of standard laboratory 
ration for guinea pigs was fed, it was felt that a deficiency was involved. 


DISCUSSLON 


The data presented above show that guinea pigs require three or more 
dietary essentials besides those which are sufficient for the growth of species 
such as rats and mice. Neither of the two of these factors which were 
studied in any detail was identical with substances which have been shown 
to possess vitamin activity for other animals. It is not known whether any 
of the factors are identical with unidentified and unpurified factors required 
by chicks (7-11). GPF-1 bears some relationship to the factor deseribed 
by Stokstad et al. (8) as necessary for chicks. The question of the identity 


ee | | 
ol | 
€, 
e 
id 
of 
al 
| 
| 
h | 
| 
if 


684 DIETARY ESSENTIALS OF GUINEA PIGS 


of these new factors with those required by other organisms must await 
isolation of the substances in pure form. Considerable progress in purifi- 
cation of one of the new vitamins has already been made, and work is con- 
tinuing on further concentration. 


SUMMARY 


Guinea pigs did not grow and soon died when they were fed a ration 
composed of casein, sucrose, inorganic salts, corn oil, vitamins A, D, K, E, 
thiamine, riboflavin, pyridoxine, nicotinic acid, pantothenic acid, choline, 
inositol, and ascorbic acid. Two new factors, one soluble in 50 per cent 
alcohol (GPF-1), and one insoluble in this solvent (GPF-2), have been 
shown to be necessary for the survival and growth of young guinea pigs. 
A third factor seemed to be necessary for continued growth and life of the 
animals for periods longer than a few weeks. Several properties of GPF-1 
have been studied and advantage has been taken of these in the concentra- 
tion of this factor. Purification of GPF-1 has been carried to a point such 
that 5 mg. per day produced good growth. Several compounds which 
have recently been found essential for chicks did not replace GPF-2. 
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THE FRACTIONATION OF THE AMINO ACIDS OF TOBACCO 
MOSAIC VIRUS PROTEIN 


By A. FRANK ROSS* 


(From the Department of Animal and Plant Pathology of The Rockefeller Institute for 
Medical Research, Princeton) 


(Received for publication, February 9, 1942) 


The determination of some of the amino acids of tobacco mosaic virus 
protein by colorimetric and other special methods has been described in 
preceding papers (1, 2). Since plants diseased with tobacco mosaic con- 
tain rather large amounts of the virus protein (3), it is possible to obtain 
sufficient quantities of the substance to permit the fractionation and 
subsequent isolation of many of the amino acids for which simpler methods 
of analysis are not yet perfected. It is the purpose of this report to present 
the results of the application of isolation methods to hydrolysates of tobacco 
mosaic virus. ‘The values reported are minimum ones, for losses unavoid- 
ably occur during the many steps involved and in many cases only partial 
precipitation was obtained. It was not possible to complete the separation 
and analvsis of all of the fractions obtained. Nevertheless, the results are 
presented, for they provide further information concerning the amino 
acids present and indicate to some extent the fractions in which the re- 
mainder may be found. A preliminary report of a portion of the work has 
heen presented (4) previously. 

In Table I are given analytical values obtained from a variety of sources. 
The data in the second column are, with one exception, the maximum 
figures that have been reported. Since Knight and Stanley (8) used an 
improved method for phenylalanine, the value obtained by them is given. 
The other values reported in the fourth column are not necessarily con- 
flicting, for it is to be expected that, in any procedure in which fractionation 
and isolation are resorted to, low results will be obtained. 


EXPERIMENTAL 


Preparation of Protein The sample of tobacco mosaic virus used was 
the same as the chemically prepared sample previously deseribed (1, 2). 
Since it contained the same amounts of cysteine, tyrosine, tryptophane, 
and arginine as did the ultracentrifugally isolated preparations, it was 
considered to be essentially pure virus protein. The values reported were 
corrected for the 8 per cent moisture that the sample contained. 


* Present address, Maine Agricultural Experiment Station, Orono. 
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686 AMINO ACIDS IN TOBACCO MOSAIC VIRUS 


Preparation of Hydrolysates—Two separate portions of the sample, each 
of about 100 gm., were hydrolyzed by being boiled for 18 hours with 
1000 ml. of 20 per cent HCl. Independent tests had shown that the amino 
nitrogen reaches a maximum value in that time. Excess HCl was re- 
moved by repeated concentrations under reduced pressure. The residues 


TABLE [ 


Composition of Tobacco Mosaic Virus 


omponen relerence ther values 
Alanine......... 2.4 t 
Amide nitrogen... 1.9f t 1. S%t§ 
Aspartie acid. 2.6 t 
Cvsteine | 0.7 (2, 5) 
Glutamic acid §.3 + 3.3% (6) 
Glycine 0.0 (1)t 
Histidine 0.0 (1)T 
Leucine... | 6.1 t 4.9%,t 0.85% (6) 
Lysine...... 0.0 (1)t 
Methionine 0.0 (2) 
Nucleie acid 5.8 (7) 
Phenylalanine 6.0 (1, 8) 2.1%t 
Proline... 4.6 (1) 2%, ¢ 3.8%t 
Serine (1) 1.4%7 
Threonine. (1) 
Tryptophane | 4.5 (1, 8) 
Tyrosine . | 3.9 (1) 3.8% (8), 1.4%,t 1.1% (6) 


* All values for the percentage of amino acids are uneorrected for the 1 molecule 
of water added per molecule of amino acid during hydrolysis. 

See ‘“‘Experimental.”’ 

t Caleulated as ammonia. 

§ Dr. G. L. Miller, personal communication. 


were dissolved in water and filtered, and the insoluble humin was washed 
thoroughly with water. In each case the filtrate and washings were 
combined and diluted to 1000 ml. These were designated Hydrolysates A 
and B, respectively. 

Aliquot portions were taken from each for Kjeldahl determinations. 
Other portions were used for the determination of ammonia, acid-soluble 
humin, and amino nitrogen by the Van Slyke procedure (9). The results 
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of these analyses are presented in Table Il. The values for ammonia 
nitrogen agree well with that obtained by Miller;' namely, 1.5 per cent 
amide nitrogen, equivalent to 1.8 per cent when calculated as ammonia. 
The method used by Miller was based on the findings of Shore et al. (10). 
The amide nitrogen was calculated from data on the rate of ammonia 
formation. 


TABLE Il 


Hlumin, Ammonia, and Amino Nitrogen in Acid Hydrolysate 


Amount N in fraction 
Fraction 
Hydrolysate Hydrolysate Hydrolysate Hydrolysate 
A b A | B 
em. gm. | gm. | gm. 
Protein, oven-dry.... 92.29 | 93.66 | 14.674* | 14.891* 
Filtered hydrolysate. «(14.542 | 14.507 
Acid-insoluble humin 2.394 2.026 0.135 | 0.131 
Ammonia 1.771 1.776 | 1459+ | 1.463 
10.000) 


*15.9 per cent N. 

+ 9.94 per cent of total N; 1.92 per cent of protein, calculated as ammonia. 
t 9.82 per cent of total N; 1.81 per cent of protein, calculated as ammonia. 
§ 65.4 per cent of total N in filtered hydrolysate. 

| 68.9 per cent of total N in filtered hydrolysate. 


Hydrolysate A 


Basic Amino Acids——-The basic amino acids were precipitated by the 
method of Vickery and Leavenworth (11) after dilution as recommended 
by Vickery and Shore (12). The histidine fraction contained but 2.7 mg. 
of nitrogen and vielded no flavianate. Similar fractions had previously 
given negative Pauly tests (1). The lysine fraction contained 37 mg. of 
nitrogen and, while a few picrate crystals were obtained, they were not 
regained upon recrystallization. 19.548 gm. of recrystallized arginine 
flavianate were obtained. By colorimetric determinations (13) it was 
found that 1.189 gm. of arginine escaped precipitation. The total corre- 
sponds to an arginine content of 8.9 per cent of the virus protein, a value 
in fair agreement with that previously reported (1). 

Dicarborylic Acids ~The various filtrates obtained during the separation 
of the basic amino acids were freed of added substances by the methods 
used by Jukes (14). They were combined and concentrated under reduced 
pressure to about 400 ml. The dicarboxylic acids were precipitated twice 
with barium hydroxide and alcohol according to the directions of Jones 


!Dr. G. L. Miller, personal communication. 
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and Moeller (15). Barium was removed, the fraction concentrated to 
100 ml., and aspartic acid precipitated as its copper salt. The filtrate 
and washings were freed from copper and concentrated under reduced 
pressure to 100 ml. Following saturation with HCI gas, the solution was 
refluxed for 5 hours and then saturated again with HCl gas at O°. After 
3 days at 3°, the precipitated glutamic acid hydrochloride was filtered off, 
A second crop was obtained by concentrating the filtrate and washings to 
30 ml. and repeating the precipitation with HCl. The two crops weighed 
6.33 gm., corresponding to 5.5 per cent glutamic acid in the virus protein, 
Following recrystallization, the salt contained 7.83 per cent N, melted at 
210°, and in 20 per cent HCl [a], = +31.7°, calculated as the free acid, 
The corresponding constants for glutamic acid hydrochloride are 7.65 per 
cent, 210° (16), and +31.6°, respectively. Only the usual naturally 
occurring optical isomer could be isolated, even when the hydrochloride 
was precipitated directly from the hydrolysates of other samples. 

The filtrate from the precipitation of glutamic acid of Hydrolysate A 
was freed from chloride, concentrated to 40 ml., treated with CuCOs, and 
a second crop of copper aspartate obtained. The two crops weighed 
4.719 gm., corresponding to an aspartic acid content of 2.4 per cent of the 
virus. The salt contained 5.62 per cent N (calculated for CyHsO,NCu-- 
3H.O, 5.62 per cent N). Copper was removed with H.S and the free 
acid was crystallized from dilute alcohol. It contained 10.6 per cent N 
(calculated 10.5 per cent). 

The filtrate was again freed from copper with H.S and examined for the 
presence of hydroxyglutamic acid. No evidence of its presence was ob- 
tained. The fraction still contained 806 mg. of nitrogen, 46 per cent of 
which was not extractable with butyl alcohol. It seems probable, there- 
fore, that considerable amounts of the dicarboxylic acids escaped precipita- 
tion. ‘The values reported are consequently probably much too low, but 
further attempts to precipitate these amino acids were unsuccessful. The 
amide nitrogen data indicating a dicarboxylic acid content of about 15 per 
cent also suggest incomplete precipitation. 

The butyl alcohol-soluble portion of the above fraction was combined 
with the main filtrate from the precipitation of the dicarboxylic acids. 
The solution was acidified with sulfuric acid, and the alcohol was removed 
by distillation. Subsequently, the sulfuric acid was quantitatively re- 
moved with barium hydroxide. The solution was then concentrated to 
250 ml. and tyrosine allowed to crystallize out at 0°. A second crop was 
obtained after a further concentration. The crude tyrosine was recrystal- 
lized and, when compared colorimetrically with pure tyrosine, appeared 
to be 99 per cent tyrosine. It weighed 1.3 gm., corresponding to 1.4 per 
cent or less than half of the total amount in the virus (1). 
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Conversion lo Copper Salts—The combined filtrates from the tyrosine 
erystallization, after removal of added substances, were concentrated to 
200 ml. and extracted with butyl aleohol. The aqueous phase contained 
1.08 gm. of N, 78.5 per cent of which was in the aminoform. An unsuccess- 
ful attempt was made to isolate threonine and serine from this fraction 
by the method used by Woolley and Peterson (17). Colorimetric estima- 
tion of serine (18) indicated that this fraction contained 1.3 gm. of serine. 
Nothing further was learned of the nature of the amino acids in this fraction 
other than that 83 per cent of the nitrogen was found in the copper salt 
fraction soluble in ethyl alcohol, 90 per cent of which was amino nitrogen. 

The butyl! alcohol fraction was evaporated to dryness by distillation 
under reduced pressure. ‘The residue, when dissolved in water, contained 
5.09 gm. of N, 90.5 per cent of which was in the amino form. The amino 
acids were converted to their copper salts and extracted successively with 
water and absolute methyl aleohol by the method described by Brazier (19), 

Methyl Alcohol-Soluble Copper Salts—-Methyl alcohol was removed by 
distillation under reduced pressure and the copper removed with H.S 
from an aqueous solution. The solution of amino acids was evaporated to 
dryness under reduced pressure, then dried in vacuo over POs at 37°. 
The residue was extracted with five 500 ml. portions of absolute ethyl 
alcohol. ‘The insoluble residue, when dissolved in water, contained 2.1 
gm. of nitrogen. Fractional crystallization with ethyl alcohol and water 
resulted in the isolation of 3.6 gm. of valine, containing 11.97 per cent N 
(valine = 11.96 per cent N), corresponding to 3.9 per cent of the virus. 
The p-nitrophenylhydrazone of the volatile aldehyde obtained by oxidation 
with chloramine-T melted at 131°. The p-nitrophenylhydrazone of 
isobutyraldehyde has a melting point of 131-132°. 

Aleohol was removed from the alecohol-soluble fraction and the residue 
dissolved in 250 ml. of water. It contained 1.093 gm. of N, of which 
0.618 gm. was non-amino nitrogen. To 10 ml. portions acidified with 
HCl, ammonium rhodanilate dissolved in methyl alcohol was added in 
small portions and the precipitate which formed was examined under the 
microscope. ‘The point at which a homogeneous precipitate was no 
longer formed was determined. Then 200 ml. of the fraction were acidified 
and treated with the requisite amount of the reagent (8.33 gm. in 50 ml. of 
methyl alcohol). ‘The mixture was stirred for an hour, then placed at 4° 
for 4 hours. The air-dry precipitate weighed 7.07 gm. and contained 
6.1 per cent N (calculated 6.2 per cent for proline rhodanilate). This 
corresponds to a proline content of 2.02 per cent of the virus, a value much 
lower than that previously reported, 4.6 per cent (1), indicating that 
serious losses were suffered. 

Water-Soluble Copper Salts—Copper was removed with HS. The 
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filtrate and washings were concentrated under reduced pressure to 500 ml. 
The fraction contained 728 mg. of nitrogen. It was not found possible te 
precipitate glycine by means of potassium trioxalatochromiate (20), 
Attempts to precipitate alanine with sodium dioxpyridate (21) were also 
unsuccessful. 

Copper Salts Insoluble in Water and in Methyl Alcohol—The copper was 
removed as previously described. Phenylalanine was estimated by means 
of the Kapeller-Adler test (22). The fraction contained 1.96 gm., cor- 
responding to 2.1 per cent of the virus. Tests with Folin’s (23) phenol 
reagent indicated that the fraction contained 143 mg. of tyrosine, 52 mg, 
of which were obtained by crystallization from a small volume in the cold 
room. Further fractional crystallizations yielded several crops of leucine 
which, when combined and recrystallized, weighed 4.386 gm. and contained 
10.7 per cent N (calculated 10.8 per cent). 79 mg. of recrystallized leucine 
were oxidized with 160 mg. of chloramine-T. The p-nitrophenylhydrazone 
of the volatile aldehyde thus formed melted at 109°. The melting point 
of the p-nitrophenylhydrazone of isovaleraldehyde is 109° (24). The 
leucine isolated corresponds to 4.9 per cent of the virus. 


Hydrolysate B 


Basic Amino Acids—A procedure similar to that used for Hydrolysate A 
yielded no histidine or lysine derivative, but 20.042 gm. of arginine fla- 
vianate were obtained. After corrections for solubility are made, this 
indicates an arginine content corresponding to 8.5 per cent of the virus 
protein. 

Dicarboxylic Acids—The combined filtrates obtained after the removal 
of the basic amino acids were further concentrated to 200 ml. and extracted 
for 48 hours with butyl alcohol under reduced pressure in a continuous 
extractor. The aqueous phase, containing 2.2 gm. of N, was subjected 
to a Foreman precipitation. The precipitate was redissolved in 175 ml. 
of water and the precipitation repeated. Calcium was removed from the 
dissolved precipitate with oxalic acid. Glutamic acid hydrochloride and 
copper aspartate were isolated as previously described. The yields, 
— ealculated as per cent of the virus protein, amounted to 5.1 per cent of 
glutamic acid and 2.8 per cent of aspartic acid. 

Conversion to Copper Salts—The butyl alcohol phase was subjected to 
the same procedure as was described for the like fraction of Hydrolysate A, 
except that the copper salts were extracted by the method of Town (25). 

Methyl Alcohol-Soluble Copper Salts—After the removal of methyl 
alcohol and copper, the fraction was tested for hydroxyproline by the 
method of McFarlane and Guest (26) and for proline by the method of 
Guest (27). The former test was negative, while the latter indicated the 
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presence of 3.80 gm. of proline, corresponding to 4.13 per cent of the virus. 
Proline was isolated from an aliquot portion as the rhodanilate by the 
method of Bergmann (28). The material was 98 per cent pure when 
tested by the method developed by Bergmann and Stein (29), and the 
amount corresponded to a proline content in the virus protein of 3.85 per 
cent. Three-fifths of the fraction was evaporated to dryness and treated 
with absolute aleohol. 52.5 per cent of the N was soluble in the alcohol, 
and from this fraction proline was isolated as the rhodanilate in an amount 
corresponding to 3.77 per eent of the virus. Hence, fewer losses were 
encountered in the fractionation of this hydrolysate. The remaining 
754 mg. of nitrogen in this fraction were not further identified. 

Copper Salts Soluble in Water and Insoluble in Methyl Alecohol—This 
fraction contained 2.472 gm. of N, an amount considerably larger than 
was found in the corresponding fraction of Hydrolysate A. This indicates 
that the two different methods of extracting the copper salts did not result 
in identical separation. It was thought possible that the fraction may 
have contained some dicarboxylic acids that escaped precipitation. Con- 
sequently, after the solution was freed from copper, an aliquot portion 
was subjected to precipitation with calcium hydroxide and alcohol. 9 per 
cent of the nitrogen was precipitated. 

Two 40 ml. samples of the original copper-free fraction were acidified 
with HCl and 4 gm. of sodium dioxpyridate (21) were added to each. The 
mixtures were stirred for 5 hour, then seeded with /-alanine? dioxpyridate, 
and allowed to stand 2 days at 3°. Yields of 1.057 and 1.045 gm. were 
obtained, corresponding to 2.4 per cent alanine in the virus. The precipi- 
tates averaged 2.8 per cent amino N (calculated 2.8 per cent). No glycine 
could be detected through precipitation with potassium trioxalatochromiate 
or by colorimetric estimation (30). 

Copper Salts Insoluble in Water—The insoluble salts were suspended in 
water, acidified with sulfuric acid, and treated for 2 hours with H.S with 
stirring. ‘The filtrate and washings were concentrated under reduced 
pressure to 500 ml. ‘The fraction contained 1.232 gm. of N. A 50 ml. 
sample was evaporated to dryness under reduced pressure and the residue 
dissolved in 14 ml. of 0.56 N HCl. To the hot solution were added 2 gm. 
of the sodium salt of 2-bromotoluene-5-sulfonic acid (31).3 The solution 
was placed at 3° for 2 days. No precipitate formed but, when the solution 
was seeded with the /-leucine salt of the same sulfonie acid, crystals 
formed at once. After 2 more days at 3°, the crystals were filtered off, 


? The natural isomer was used. The nomenclature is based on spatial configura- 
tion, not on optical behavior. 

* The writer is indebted to Dr. Max Bergmann for generous samples of the salts 
used in the leucine and phenylalanine derivatives. 
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washed with a small volume of cold N HCl, and dried in vacuo over P,O,, 
The yield was 1.62 gm. of material containing 3.4 per cent N (calculated 
3.5 per cent N). The composition did not change upon recrystallization 
and very little loss in weight resulted. The leucine isolated as the 2. 
bromotoluene-5-sulfonic derivative corresponded to 6.1 per cent of the virus, 

The experiment was repeated, except that the residue from the 50 ml, 
was dissolved in 5 ml. of 2 N HCI, made to a volume of 20 ml., and 2.6 gm. of 
the reagent added. The behavior of the solution upon being seeded with 
the known leucine derivative was identical with that in the first experiment, 
In this case, 2.338 gm. containing only 2.4 per cent N’ were obtained, 
Upon recrystallization from a small volume of 0.5 N HCl, 1.60 gm. of 
crystals containing 3.3 per cent N were obtained. Evidently the first 
erop contained some of the reagent. The identity of the precipitates 
was further established by means of solubility tests. They exhibited the 
same solubility as the /-leucine derivative prepared in the same manner and 
were not measurably soluble in N HC] saturated with the known derivative. 
Hence, the virus appears to contain at least 6.1 per cent leucine. 

Colorimetric estimation (22) indicated the presence of 2.2 gm. of phenyl- 
alanine, corresponding to but 2.3 per cent of the protein. Apparently 
serious losses were encountered during the fractionation process. A 25 ml, 
portion of the fraction was evaporated to dryness under reduced pressure 
and taken up in 10 ml. of Nn HCl. To the hot solution, 0.42 gm. of the 
sodium salt of 2,5-dibromobenzenesulfonic acid was added. Crystals 
formed as the solution cooled. After standing at 0° for 2 days, they were 
filtered off, washed with a small volume of cold N HCl, and dried in vacuo 
over P.Os. 0.4244 gm., containing 2.8 per cent N, was obtained. A 
weighed — was recrystallized. The recrystallized salt contained 
2.7 per cent N (caleulated 2.9 per cent), exhibited the same solubility in 
N HCl as a sample of a phenylalanine derivative, and was not measurably 
soluble in a saturated solution of the latter. The amount isolated cor- 
responded to 1.8 gm. of phenylalanine in the entire sample. 

Another portion, amounting to 100 ml., was treated in an identical 
manner, except that the amino acids were taken up in 20 ml. of n HCl and 
0.83 gm. of the reagent was added. The precipitate weighed 1.039 gm. 
and contained 2.7 per cent N. The crystalline salt contained 2.9 per cent 
N and was obtained in an amount corresponding to a total of 1.8 gm. ot 
phenylalanine in the fraction. 


SUMMARY 


Of the amino acids previously reported in tobacco mosaic virus protein, 
arginine, phenylalanine, tyrosine, and proline were isolated from hy- 
drolysates of the virus. As expected, the amounts actually isolated were 
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less than those previously found. In addition, the presence of at least 
5.3 per cent glutamic acid, 2.6 per cent aspartic acid, 6.1 per cent leucine, 
3.9 per cent valine, and 2.4 per cent alanine in the virus was established by 
isolation procedures. The present work brings the total of the known 
constituents of tobacco mosaic virus to about 68 per cent. 
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PHOTOELECTRIC DETERMINATION OF dl-a-TOCOPHEROL IN 
SERUM* 


By GERDA GERNSHEIM MAYER ann HARRY SOBOTKA 


(From the Chemistry Department, the Laboratories of the Mount Sinai Hospital, 
New York) 


(Received for publication, February 18, 1942) 


The following methods have been proposed for the determination of 
tocopherol in biological material: the colorimetric @,a’-bipyridine method, 
the potentiometric gold chloride titration, and the red color reaction with 
alcoholic nitric acid. During the study of vitamin E in the serum of nor- 
mals and of patients suspected of abnormal tocopherol metabolism, we 
found the need for a method for analysis of tocopherol in high dilutions. 

The bipyridine method has been developed by Emmerie and Engel for 
the assay of tocopherol concentrates (1). They also used it for the study 
of the tocopherol level in the serum of tocopherol-deficient and tocopherol- 
treated rats (2). We have adapted their method for the analysis of human 
serum by using a photoelectric colorimeter, since the pink color of the iron- 
bipyridine complex is not very suitable for visual comparison. Our method 
follows in general the principle laid down by Emmerie and Engel. Because 
of the difheulty of obtaining their original articles it seems appropriate to 
summarize their procedure. They introduce formaldehyde and 95 per 
cent ethyl alcohol into the alkaline digestion and follow this procedure by 
a triple ether extraction. The ether of the washed and dried extract is 
replaced by benzene and this solution passed through a floridin column for 
the removal of carotenoids. The colorless filtrate is brought to reaction 
with the ferric chloride-a@,a’-bipyridine reagent, and the color is read in a 
Pulfrich photometer. 

We have found the following measures necessary to achieve satisfactory 
results: Floridin, 30/60 mesh, activated at 480° is suitable for the adsorp- 
tion of carotene and vitamin A. Interference by traces of phosphatides is 
eliminated by the use of cadmium sulfate, as we found sulfuric acid alone 
insufficient in the case of serum. It is necessary to perform all evaporation 
and filtration under nitrogen. This holds especially for adsorption on the 


* Dr. I. S. Wechsler, Chief of the Neurological Service, upon whose instigation 
this work was carried out, and the authors are indebted for grants to the John and 
Mary R. Markle Foundation, New York, and to Hoffmann-La Roche, Ine., Nutley, 
New Jersey. The latter firm and the Floridin Company, Warren, Pennsylvania, 
generously supplied materials. The VioBin Company kindly placed at our disposal 
valuable information regarding the photoelectric determination of tocopherol in 
wheat germ oil. 


695 


ma 
5 
| 
ig 
| 
x 
‘ 
4 
| 4 
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floridin column, which must be filled with nitrogen before operation. It be 
seems that otherwise the oxidation products formed from carotene are not in 
completely adsorbed by the column. m 

All procedures are carried out in amber-colored glassware for protection re 
against light. If this is not available, glassware may be wrapped in orange ni 


(Tango) cellophane. In addition, all colorimetry must be carried out in a he 
dark room, since light not only affects the vitamin E itself but causes a th 
false color reaction in the blank. on 
Method 

10 ml. of serum from a fasting subject are treated in a 250 ml. separatory of 
funnel with 5 ml. of 0.2 N aqueous potassium hydroxide solution; 15 ml. of pl 
37 per cent formaldehyde, which should be neutral toward phenolphthalein, de 


and 15 ml. of 95 per cent alcohol are added. After complete precipitation 
of the proteins by thorough shaking, 50 ml. of peroxide-free ether are 
added.! The ethereal layer, which contains vitamin FE as well as vitamin 


A and carotenoids, is separated. The aqueous layer is extracted twice dl 

more with 50 ml. portions of ether, after addition of 10 ml. of ethyl alcohol. 

The combined ether extracts are washed with 25 ml. of 2 per cent potassium ni 

hydroxide. m 
We have found that the subsequent treatment of the ether layer twice 0. 

with 15 ml. of 1 per cent sulfuric acid results in turbidity, presumably due 1 

to certain phosphatides. Addition of 1 per cent cadmium sulfate to the 1 


1 per cent sulfuric acid, while not preventing the appearance of turbidity, 


subsequently causes its disappearance when the ether extract is shaken m 
three times with about 25 ml. of 0.5 per cent sodium sulfate solution. st 
The ether extract thus washed acid-free is dried over anhydrous sodium K 
sulfate for 1 hour. The dried solution is filtered in a nitrogen atmosphere D 
through a layer of anhydrous sodium sulfate into a filter flask. The latter re 
is immersed in warm water, and the ether is evaporated, the temperature tc 
of the bath being gradually raised to 55°. di 
Before complete dryness is reached, one adds 10 ml. from a supply of dry 
benzene, which has been freshly distilled and kept over sodium wire. The fe 


1 We find it necessary to test the ether not only for the absence of peroxide, but 
also for the absence of any coloring matter whatsoever. The testing was done by dl 
complete evaporation in a filter flask of 400 ml. of ether, the total amount used for 


the determination; 5 ml. of benzene, added to the flask after evaporation, should not G 
assume any color. Furthermore, when the ferric bipyridine reagent is added to this 
benzene solution, no more than a trace of pink color should develop; correction for 
this small error is included in the ‘‘distilled water’? blank mentioned under ‘‘De- 
termination of samples.’’ Most of the present work was carried out with Baker’s me 


Analyzed absolute ether, c.p., kept over sodium wire. 
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benzene is evaporated, and the addition and evaporation of more benzene 
in small portions is repeated until the residue forms a clear solution with 5 
ml. of benzene; a total of about 25 ml. of benzene is usually required to 
reach this point. The clear yellow benzene solution is now passed under 
nitrogen through a column of floridin earth of 12 mm. diameter and 30 mm. 
height, which retains vitamin A and carotenoids. These substances cause 
the floridin laver to assume a dark greenish blue color, but it may be used 
over again for about five successive analyses. The! column is washed 
with 25 ml. of dry benzene, and the colorless filtrate is again evaporated 
under nitrogen to dryness. To remove traces of moisture, another 10 ml. 
of dry benzene are added, and evaporation to dryness is repeated. The 
pure tocopherol is taken up in 2.5 ml. of dry benzene and is now ready for 
development of the color reaction. 


Preparation of Standards 


A curve is constructed from the galvanometer readings of standard 
dl-a-tocopherol solutions in a Klett-Summerson photoelectric colorimeter. 

In order to obtain the same mixture of solvents as in the sample itself, 
namely 1 part of benzene to 9 parts of absolute ethanol, we first place 2.5 
ml. of benzene in each of a set of 25 ml. volumetric flasks. We then add 
0.1, 0.2. . .3.0, 3.5, 4.0 ml. of a solution containing 10 mg. of tocopherol in 
100 ml. of absolute ethyl aleohol. In each of these flasks are then placed 
1 ml. of a 0.5 per cent solution of the @ , a’-bipyridine reagent and 1 ml. of 
0.2 per cent ferrie chloride, both in absolute ethyl aleohol. All are then 
made up to the 25 ml. mark with absolute ethyl aleohol. After they have 
stood for 10 to 15 minutes, the extinction is determined with a green filter, 
Klett No. 52, which transmits light from 485 to 550 mu. A blank is 
prepared along with the standards, containing 2.5 ml. of benzene and the 
reagents, and made up to 25 ml. asabove. The instrument is now adjusted 
to the zero reading with the blank solution, and the various standard 
dilutions are read. | 

The following are mean values of numerous series carried out on dif- 
ferent days. 


dl-a-Tocopherol in 25 ml. final reac-— | 
10 20 50 100 150 200 250 (300 |350 400 

Galvanometer reading, logarithmic | | | 


The curve constructed from these values is a straight line in the given 
range (3). 
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Determination of Samples 


2.5 ml. obtained as the final benzene extract are treated with the reagents 
identically as the standards, made up to 25 ml., and read after zero adjust- 
ment of the colorimeter with a blank of the reagents. This adjustment 
does not take into account a small amount of color produced by contam- 
inants in the ether used for extraction. We find it necessary periodically 


TABLE I 
Duplicate Determinations of Tocopherol Content of Iluman Serum 


Sample No. | Serum | Tocopherol found Average 
l-a 5 24 0.48 
1-b 5 26 0.52 0.50 
2-a 1.92 1.92 
2-b 5 96 1.92 ie 
3-a 6 93 1.35 
( 
3-b 6 QS 1.63 
4-a 7 60 0.86 
7 65 0.93 
10 S6 
10 0.94 0.90 


5-b 


TaBLe II 
Recovery of Tocopherol Added to Serum Samples 


Tocopherol 


Serum —-—- won V/A 
Serum, S Added, A Found, F 
mi Y Y per cent 
eee | 4 42 200 225 91.5 
Dog ey 6 74 200 304 115 
Man 5 | 5 40 282 292 SY 
Horse serum (preserved) s 1s 282 248 81.5 


to go through the entire procedure with distilled water instead of the serum 
sample. The resulting correction amounts to eight to ten scale divisions, and 
this amount has to be subtracted from the actual reading. The corrected 
reading is then interpolated from the curve, and the tocopherol content in 
100 ml. is obtained by multiplication by 10, when 10 ml. of serum have 
been extracted. Generally, for x ml. of serum, the value on the curve must 
be multiplied by 100/zx. 
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Table I illustrates the reproducibility of results in determinations of 
duplicate samples. 

The level of tocopherol in normal human serum varies from 0.6 to 1.4 
mg. in 100 ml. ‘These values are considerably raised upon oral adminis- 
tration of tocopherol (4). The low value for horse serum given in Table II 
is presumably caused by tocopherol destruction during storage. EEmmerie 
and Engel (2) give values from 0.3 to 1.1 mg. per cent for rats receiving 
vitamin 

It should be realized that the present method is not so specific as to afford 
direct identification of the ferric ion-reducing substance in the ether extract 
as tocopherol. ‘The analytical recovery of tocopherol added to serum 
extract is, of course, irrelevant for this question. However, the assump- 
tion that the basal color reaction is due to tocopherol is corroborated by 
the diminution of this color in tocopherol-deficient rats, as observed by 
Emmerie and Engel (2), and also by the immediate and marked increase of 
the color reaction upon oral administration of tocopherol (4). 


Recovery of Known Amounts of Tocopherol Added to Serum Extracts 


A sample of serum was divided into two equal portions. To one portion 
a known amount of tocopherol dissolved in absolute ethyl alcohol was 
added. Parallel analyses of the two portions were carried out as above. 
The results are recorded in Table IT. 


SUMMARY 


The amount of dl-a-tocopherol in samples of human serum of 10 ml. or 
less may be determined in the photoelectric colorimeter by a method con- 
sisting of an adaptation of the a,a’-bipyridine-ferric chloride method of 
Emmerie and Engel. A number of details of procedure are pointed out. 
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THE CRITICAL PEPTIZATION TEMPERATURES OF ZEIN IN 
CONCENTRATED ETHYL ALCOHOL 


By RALPH H. MANLEY anp CYRIL D. EVANS 


(From the Northern Regional Research Laboratory, Bureau of Agricultural Chemistry 
and Engineering, United States Department of Agriculture, Peoria, Illinois) 


(Received for publication, February 9, 1942) 


Zein is commonly assumed to be insoluble in ethyl alcohol containing 
less than 5 per cent of water and has been so reported by Osborne (1) 
and Swallen (2). Dill (3) has determined its critical peptization temper- 
atures in a wide range of aqueous alcoholic mixtures but has confined 
his data to solutions containing less than 95 per cent alcohol by volume. 

During the course of an extended inquiry into the characteristics of zein 
dispersions in various single and mixed solvents, the writers have extended 
Dill’s data to mixtures containing less than 5 per cent of water and have 
found that zein is dispersible in concentrated aqueous alcohol as well as 


70 
% Br 


Fic. 1. Critical peptization temperature curve for zein in aqueous ethyl alcohol 


in absolute alcohol at temperatures above the normal boiling point of the 
solvent. 

However, unlike the solubility behavior of zein in most aqueous ethyl 
alcohol mixtures in which the critical peptization temperature and the 
cloud point lie in very close proximity, the temperatures of peptization in 
these concentrated and absolute alcoholic solutions are indefinite, and may 
be as much as 20° higher than their cloud points. For this reason, the 
values on Fig. 1 for 92.5 per cent to absolute alcohol are actually cloud 
points rather than critical peptization temperatures. 

The data for the cloud points in aqueous alcohol solutions containing 
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less than 95 per cent alcohol are in essential agreement with the results 
of Dill (3). 

The absolute ethyl alcohol was prepared by refluxing over magnesium 
ethylate according to the method of Lund and Bjerrum (4). The zein, 
which was from a special lot used as a reference standard by the Corn 
Products Refining Company and by Prolamine Products, Inc., was dried 
in a vacuum over phosphorus pentoxide at 110° for 24 hours. A Carius 
tube was baked dry under a vacuum at 200°, and charged with 0.5 gm. 
of the dried zein, followed by 10 ml. of the alcohol distilled directly into 
the Carius tube in a closed system from the magnesium ethylate dehy- 
drating agent. The tube was sealed in such a manner that its contents 
were not at any time exposed to the atmosphere. It was then immersed 
in an oil bath and heated until the zein had completely dispersed, after 
which the bath was allowed to cool slowly and the cloud point noted. 

In a similar manner, the critical peptization temperatures of dried zein 
were determined in a series of ethyl alcohol mixtures containing up to 
60 per cent of water. Beyond this concentration of water the zein tends 
to denature before reaching the temperature presumably required to effect 
its dispersion. 
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THE SOLUBILITY OF CALCIUM PHOSPHATE 
I. THE EFFECT OF pH AND OF AMOUNT OF SOLID PHASE 


By ISIDOR GREENWALD 


(From the Department of Chemistry, New York University College of Medicine, 
New York) 


(Received for publication, January 14, 1942) 


In 1937, Logan and Taylor (1) came to the conclusion “that the bone 
salts cannot precipitate spontaneously from the bone plasma unless the ion 
product is increased. Once formed, the bone salts cannot dissolve unless 
the concentrations of the ions composing them are decreased below the 
concentrations found in the blood plasma.’’ This conclusion was based 
upon some Observations which seemed to Logan and Taylor to prove that 
the apparent solubility product, [Ca’ *}*{PO,=]|*, depended on the amount of 
the solid phase, being greatest with small amounts and decreasing with 
largeramounts. ‘The solid phases they employed were precipitated caletum 
phosphate and powdered bone. Such a change of ion product, at equili- 
brium, with the amount of solid phase is, of course, quite remarkable and, 
in order to explain their results, Logan and Taylor resorted to as remarkable 
an explanation. We will discuss their experiments and their explanation 
later. 

A recent paper by Klement and Weber (2) leads to a quite different con- 
clusion from that of Logan and Taylor. Wlement and Weber prepared a 
hydroxyapatite by mixing dilute solutions of CajOH |]. and of H3PO, in the 
equivalent proportions. Their preparation was, as they stated, assuredly 
free of foreign ions, but there is no evidence that it was a single chemical 
individual. No such claim was made for it. The precipitate was filtered 
and dried. Weighed quantities of from 100 to 1200 mg. were added to 
250 ml. of conductivity water in paraffined flasks and equilibrated for 24 
hours at 25°. The amounts of Ca dissolved varied from 3.6 to 11.0 mg. 
per liter and those of P from 8.6 to 32.2 mg., increasing regularly with the 
amount of solid phase. Upon the basis of this experiment, Klement and 
Weber deny the significance of the solubility product [Ca++]? [PO,}?. 

However, it may well be objected that 24 hours may not have been suffi- 
cent for the attainment of equilibrium. 

We have been engaged in a study of the influence of various substances 
upon the solubility of calcium phosphate. In the course of this work we 
found that this solubility, whether it be expressed as [Ca++] [PO,*]? or, as 
we prefer, as [Ca**}® [HPO,]?/[H* is not constant,! but varies with the 


‘In the present instance, calculations of the product [Ca**]}* [PO,*]? are impos- 
sible because no good values for the third dissociation constant of HsPO, at w = 0.2 
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amount of the solid phase, not, however, in the manner reported by Logan 
and Taylor, but in precisely the opposite fashion; viz., the solubility in- 
creases with the amount of solid phase. 

We also found that the apparent solubility product varies with the pH, 
increasing as the latter increases. This effect is not appreciable with small 
amounts of solid phase, but becomes considerable as the latter increases, 


EXPERIMENTAL 


In order to enable determinations of calcium and phosphorus of the order 
of 10-* m to be made in the presence of salts in a concentration of 0.2 M, the 
Ca and P were added in the form of a suspension of known content and the 
amount remaining undissolved was determined. 

A suspension of calcium phosphate was prepared by mixing 2.5 liters of 
0.04 m Ca(NQs3)o, 2.5 liters of 0.04 mM NasHPOs,, and 200 ml. of 0.1 N NaOH. 
After the mixture had stood, with frequent stirrings, for a week, the pre- 
cipitate was washed by decantation until a test of a portion dissolved in 
dilute acetic acid gave no precipitate with nitron, and for several times 
thereafter. The precipitate was then kept in suspension for at least a year 
before use. As required, more dilute suspensions were prepared and 
analyzed. The figures in Table I show slightly varying values for the 
ratio of Ca:P. These are for different dilutions of the stock suspension, 
each of which was separately analyzed at widely separated intervals with 
different standard solutions. 

Measured volumes of these suspensions were added to 1 or 2 liter vol- 
umetric flasks containing H2,O, KC! to give a final concentration of 0.2 M, 
10 ml. of 0.04 per cent chlorophenol red or phenol red solution per liter,? and 
small quantities of 0.1 N HCl or 0.1 Nn NaOH. After the solutions were 
diluted to the mark, the stoppered flasks were allowed to stand for the 
number of days indicated in Table I; they were shaken once almost every 
day. The precipitate settled very slowly, separation being quite incom- 
plete even after 6 or 8 or even 24 hours. 


appear to be available. Other reasons for preferring [Ca**}*’ [HPO,~}?/|H*} are 
presented in Paper II. The values for —log [Ca**]}’ [HPO }?/|H*}? given in Table 
I can be converted into values for pK’sp (Ca** }® [PO,"]* by adding 2pk’; whenever 
values for the latter become available. However, the use of neither product is 
theoretically valid at pH > 6. The solid phase, at equilibrium, does not have the 
composition indicated by Ca3(PO,).. The use of the third power of the calcium con- 
centration and the second power of the phosphate concentration in this paper is due 
only to the fact that such a product has been used by others, particularly by Logan 
and Taylor. 

2 These indicators were added in order that the pH of these mixtures, which were 
to serve as controls, should be nearly the same as those of other mixtures containing 
other substances. 
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When analyses were to be begun, the mixtures were again shaken thor- 
oughly and the pH was determined with the Coleman glass electrode. The 
cell was flushed with the mixture until no change in pH was observed. 
Four or five rinsings sufficed. Measured portions of the mixture were then 
filtered, with suction, through sintered glass filters covered with a thin 


TABLE I 
Effect of pH and of Amount of Solid Phase on Solubility of Caleitum Phosphate 
in0.2M KCl 
No. Ca Page | Ca | P | A? 
1 29 7 | 4 14.43 
2 17 6.98 16 | 10 | 3 | 2 14.49 
3 16 6.90 32 20 | 15 | 11 11.14 
4 9 6.92 32 ee 7 | 11.14 
5 13 6.92 32 os | & | 7 | 11.47 
6 24 8.5 | 10.19 
7 68: +. 24 9.31 
8 40 35 10.38 
9 2 | 6.50 | 80 | 50 53 36 9.61 
6.909 | 880 | 50 46 
14 1 8.90 | 80 et 8 | 6.64 
15 8 7.40 | 126 80 61 aor a 
16 29 5.90 | 240 150 | 206 (195)) 128 (128), 9.07 
17 21 6.05 480 300 = 441 (440) 272 (276) 6.82 
18 14 6.30 480 300 =: 394 248 (246) 6.14 
5.80 640 400 579 (588) 365 (375) 7.14 
20 13 6.20 640 400 496 (329) 5.97 


The figures in parentheses were obtained by direct analysis of the filtrates. In 
these instances, the averages of these values and those obtained by subtracting un- 
dissolved Ca (or P) from total added Ca (or P) have been used for calculating the 
figures in the last column. 


layer of infusorial earth. This was prepared by washing commercial acid- 
washed infusorial earth with concentrated HCl and then with H,O until free 
of acid. As much as 400 ml. was taken for the determination of Ca and 
75 ml. for the determination of P. 

The precipitates were not washed,’* but were sucked dry and were then 


? If the amounts of Ca and of P contained in the liquid adhering to the precipitate 
and filter were appreciable, their effects should have been most marked in those 
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dissolved in approximately 0.02 nN HCl, which was allowed to run through 
by gravity. In these filtrates, evaporated if necessary, phosphorus was 
then determined by the method of Fiske and Subbarow (3) and calcium by 
precipitation as the oxalate, by centrifuging, washing, and titrating 
with KMnOQ,. 

In a number of instances, the original filtrate contained enough Ca and 
P to permit of direct determination. Quite good agreement with that 
calculated by difference was obtained. Repeatedly, the filtrates obtained 
in two or three determinations were combined and passed through other 
filters. The latter were then extracted in the usual manner. No trace of 
Ca or of P was obtained, indicating that the previous removal of Ca and P 
was due to filtration and not to adsorption. 

For the calculation of —log [Cat*]* [HPO -]?/[H*]? we used the value 
pk’, = 6.85, calculated from the formula of Cohn (4). Those who prefer 
to use [Cat*]* [PO,)? may add 2ph’;. 


DISCUSSION 


In all but one of our experiments, ‘“‘equilibration”’ was continued for at 
least 7 days. As may be seen from the results of Experiments 11 and 12, 
or from those of Experiments 3, 4, and 5, prolongation up to 20 days in- 
creased the solubility comparatively little, if at all (Table 1). 

The increase in the amount of calcium and phosphate in solution with 
the increase in the amount of solid phase is not surprising. It has long 
been known (see Eisenberger, Lehrman, and Turner (5) for a review of the 
literature) that calcium phosphate, in contact with aqueous solutions, 
rarely, if ever, has the composition Cas(PO,4)s. Usually, at pH 6.0 or more, 
it contains an excess of calcium. If it is not a pure substance, but a mix- 
ture, increasing the amount added to a liquid may increase the amount 
dissolved up to a certain maximum. Apparently, that maximum, at pH 
6.3, was approached in Experiment 18, for a 25 per cent increase in the 
amount of solid phase added (Experiment 20) produced a comparatively 
small change in the ion product. 

It is remarkable that, in spite of all that has appeared in biological 
literature regarding the solubility product [Ca** |’ [PO |?, the validity of 
the use of this formulation has never been tested save over a very limited 
range of pH. With one exception, to be mentioned presently, all deter- 
minations have been made between pH 7.10 and 7.60. In spite of that, 


experiments in which the ratio of dissolved to undissolved material was greatest. 
That was the case in Experiment 19 in which the ratio was 10:1. Nevertheless, the 
value for dissolved material obtained by difference was within 1.6 per cent (Ca) or 
2.7 per cent (P) of those obtained by direct analysis of the filtrate. It was, therefore, 
concluded that the correction for adherent liquid was negligible. 
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the variations even with large excess of solid phase are considerable—at 
least 10-fold (see the data of Sendroy and Hastings (6)). 

The one exception to this restriction of measurements to a limited pH is 
that furnished by some observations of Holt, La Mer, and Chown (7). 
They approached equilibrium from supersaturation and determined the 
solubility of calcium phosphate in the presence of the precipitate in NaCl or 
KCI solution at pH 5.2 to 5.5 and in “serum salt’’ solutions at pH 6.9 to 
74. At comparable ionic strengths the ion product was about 100 times 
as great in “‘serum salt’’ solutions as in KCI or NaCl solutions. Even if 
the ion product is recalculated by the method of Sendroy and Hastings and 
also after allowance is made for the presence of undissociated CaHPO,, 
CaCOs;, and CaHCO, (8, 9), the difference remains nearly as great. It is in- 
teresting to observe, therefore, that our Experiments 8 and 13 show a dif- 
ference of 1.77 in the logarithms of the ion products between pH 6.30 and 
7.28 and that other experiments show smaller variations over smaller 
variations in 

The effect of pH on the apparent solubility product cannot be due to an 
error in the value of pl\’s, for so extreme a change of the latter from 6.85 
to 6.50 still leaves a difference in the value of —log[Ca** |? [HPO ?/(H* 
amounting to 0.62 between Experiments 8 and 13, to 0.45 between Ex- 
periments 17 and 18, and to 1.08 between Experiments 19 and 20. 

There remain to be discussed the reasons for the results obtained by 
Logan and Taylor. We believe these to have been due to insufficient 
equilibration. They approached equilibrium from supersaturation and 
their sole test for completeness of equilibrium appears to consist of one 
experiment in which they brought together an unstated excess of Ca** 
and NasHPO,, centrifuged to remove the precipitate, added NaOH toadjust 
the pH for the acidification due to the precipitation, and repeated the 
process until no further obvious precipitation was produced. The three 
solutions were then shaken with a small quantity of the precipitate for 4 
and 8 davs. In their paper, Logan and Taylor did not report the actual 
concentrations nor the amount of solid phase added, but Dr. Logan kindly 
made the former of these available to me. They are given in Table II, 
together with the values for pH and for —log{Ca** |’ [PO |}? reported by 
Logan and Taylor in their paper. The amount of the solid phase added is 
not known but a comparison of the values for —log[Ca** |* [PO |? with 
those reported by Logan and Taylor in other experiments (their Table I) 
would indicate that it was less than 2.5 mg. and probably less than 1 mg. 
per liter. 1 mg. per liter is the equivalent of 0.01 mM of Ca and of 0.0065 

‘It is also possible that the differences in the calculated ion products in the two 


series of experiments of Holt, La Mer, and Chown were due to the formation of mixed 
complexes of Ca**, HCOs-, and 
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mM of P. Actually, the difference between the concentrations observed 
at 4 and at 8 days far exceeds these quantities. In the second experiment, 
[P| is said to have changed from 4.60 to 5.40 mM, an increase of 0.8 mm, 
while the [Ca] decreased by 0.02 mm. These changes in the solution 
would make a very great difference in the composition of the solid phase, 
With even so large a quantity as 310 mg. of Ca3(PO,)o, the ratio of Ca:P 


TaB_e II 
Composition of Fluid after 4 and 8 Days (Experiments of Logan and Taylor) 


4 days* | 8 days* | Reported by Logan and Taylor (1) 
pH | Ca | P | pH Ca P pH ae a) 
| | | | | x (PO)? 
| mu mM | | | 
7.12 | 0.75 | 5.25 | 7.15 | 0.76 | 5.02 | 7.15 | 23.43 | 23.62 
7.44 | 0.74 | 4.60 7.37 | 0.72 5.40 7.35 22.91 22.95 
8.10 — 0.57 | 1.06 7.93 | 0.62 | 1.03 8.10 23 .37 23.37 


* Personal communication from Dr. Logan to the author. 


III 
Data of Logan and Taylor* 


Composition of the solution at the start, CaCl, 1.06 mm per liter, Na,HPO, 3.06 
mm per liter. 


Solid : Composition of solutions after —s- Total 

Experiment added Calculated equilibration pl(Ca**)® | Cas(POs)s 
No. as Cas(POx):2 ——| (PO«™ in solid 

pH | Ca | P | 

mg. per mg. per l. | mM per i. me perl. me. per i. 

61 1.3 0.74 7.43 | 1.056 3.06 22.77 | 0.74 
62 5.0 2.87 7.38 | 0.929 2.98 23.09 | 15.0 
63 25.0 14.3 7.34 0.619 2.79 23.74 | 57.0 
64 49.0 28.1 7.29 0.467 2.66 24.28 89.0 
65 100.0 58.0 7.22 | 0.365 2. 66 24.80 | 124.0 


* The first seven columns are taken from Logan and Taylor ((1) p. 299). 


would change from 1.5 to 2.5. Such experiments cannot be accepted as 
evidence of “equilibrium.” If this was not attained in these experiments, 


there can be no reason for believing that it was attained in the later experi- 
ments. The lower values for [Ca**|® [PO |? with increasing amounts 
of solid phase are, obviously, only an indication of a more nearly complete 
approach to true equilibrium, which is only to be expected. 

Logan and Taylor explain the lowered solubility with increases in solid 
phase as being due to adsorption of Ca++, PO,=, and other ions upon the 
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true precipitate or upon the solid phase introduced. We may test this 
assumption by calculations, the results of which are summarized in Table 
III in which all but the last column is copied from Table II of Logan and 
Taylor. From the changes in [Ca] and [P] reported by them, we have 
calculated the amount of Cas(PO,)2 precipitated in each experiment. 
Adding this value to the amount originally present, we have the figures 
given in the last column. According to the hypothesis of Logan and 
Taylor, the 2.13 mg. of additional Cas(PO,)2 added in Experiment 62, as 
compared with Experiment 61, adsorbed 12 mg. of Cas(PO,)2. This can- 
not be ‘‘adsorption”’ as ordinarily understood. It must be crystal growth. 
It is also obvious from an examination of Table II that, at the time of analy- 
sis, the amount of solid phases present in Experiment 62 was greater than 
was originally added in Experiment 63. The same relation holds between 
Experiments 63 and 64 and between Experiments 64 and 65. It is, we 
believe, impossible to interpret the increases in the value of pK’,, Cas(PO,4)2 
with increases in the amount of bone introduced except as evidence of con- 
tinued supersaturation in Experiments 61 to 64. 

We believe that the evidence that the results of Logan and Taylor were 
due to incomplete equilibration is overwhelming. We freely admit that. 
our results may, similarly, be due to incomplete equilibration. A true 
equilibration can be demonstrated only if the same conditions are attained 
from both undersaturation and oversaturation. Quite evidently, this can 
be attained, in a reasonable length of time, only with considerable amounts 
of precipitate. With small amounts, equilibrium is, apparently, not to be 
attained in any feasible period, for a continuation of the experiment much 
beyond 8 days at 38° involves serious risk of reaction with the walls of the 
vessel. The results reported by Logan and Taylor and in the present 
paper can be reconciled if one accepts the view that the composition of the 
precipitate, approximately Cas(PO,)2, depends upon the composition of 
the liquid and that changes in this composition, involving a change from 
one insoluble substance into another, take place only very slowly. An 
apparently true equilibrium constant, pK’,, = approximately 27 at 38°, 
can be attained with large amounts of precipitate because, with the large 
surface offered, equilibrium at the surface is more readily attained. It is 
this surface and not the bulk of the precipitate that is believed to be in 
equilibrium with the solution. 


SUMMARY 


The claim of Logan and Taylor (1) that “The ion product [Ca**]® 
(PO? increases as the amount of bone or tricalcium phosphate, equili- 
brated with solutions of their ions, decreases below 150 mg. per liter’’ has 
been examined. It is believed that the data presented by them are more in 
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accord with the view that the mixtures containing the smaller amounts of 
precipitate were supersaturated. Other experiments are reported which 
indicate that the reverse relation obtains; viz., that the ion product increases 
with the amount of solid phase. Attention is also directed to the apparent 
effect of increasing pH on the ion product. It is believed that the com- 
position of the precipitate depends upon the composition of the liquid but 
that changes in the former are brought about only very slowly and in- 
completely and, probably, only at the surface, within any period of time 
thus far employed. 
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THE SOLUBILITY OF CALCIUM PHOSPHATE 
Il. THE SOLUBILITY PRODUCT 
By ISIDOR GREENWALD 


(From the Department of Chemistry, New York University College of Medicine, 
New York) 


(Received for publication, January 14, 1942) 


While it has been customary to regard calcium phosphate as Ca3(PO,)2 
analyses do not agree with this formula but show an excess of Ca, accom- 
panied by OH, CO;~, or other anion. From their review of the literature, 
Eisenberger, Lehrman, and Turner (1) have concluded that “between 
dicalcium phosphate and lime, there exists, in the ternary system, a con- 
tinuous series of solid solutions having an apatite lattice. It follows from 
this that tricalcium phosphate and hydroxyapatite do not exist in aqueous 
systems as unique, stoichiometric compounds.” Nevertheless, some 
method of comparing solubilities under different conditions is needed and 
the solubility product [(Ca**}* [PO]? has been used for this purpose since its 
introduction by Holt, La Mer, and Chown (2). However, the values found 
are not very consistent, variations of more than 10-fold being, apparently, 
quite acceptable. This means more than a 2-fold error in the calcium con- 
centration, or a 3-fold error in that of phosphate, or a 10-fold error in that of 
(H™], or a 1.4-fold error, in the same direction, in all. These seem quite 
outside the limits of error of the determinations and seem to indicate that 
certain unknown factors are involved. 

Greenwald, Redish, and Wibrick (3) have presented evidence for the 
existence, in solution, of undissociated CaHPO,. Such a substance could 
act as an acid and might, conceivably, form a edicium salt of the composi- 
tion Ca(CaPQO,)o. Obviously, this can no more be a “unique, stoichio- 
metric compound” in an aqueous system than can Cas(PO,4)2. However, it 
seemed that it might be worth while to devise a procedure for the calcula- 
tion of the ion product [Ca**][CaPO,-}? in the hope that the values might be 
more consistent than those for [Ca*+]*® ]?. 


Let 
[(Ca**| [HPO] 
= 
and 


(CaHPO,| 
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If we divide Equation 2 by Equation 1, 


(H*] 
[(Ca**] [HPO] 3) 
from which 
= [Ca**] [(CaPO,]}? 
[Ca**] [K’,]?(Ca**]? [HPO,"]? 
{H*}? 
Therefore! 
_ [Ca**]* [HPO."}? 
K sp Ca(CaPQ,). (K;)? (4) 
If | 


{HPOc] K’; (H+) 


Substituting in Equation 4, we have 
(PO,"]? 
K’,»Ca(CaHPQ,), = K 


or pK’,,Ca(CaPQO,4)2 = pK’,,Ca3(PO,u)2 — 2pK’3. 
It might expected, therefore, that pK’,,Ca(CaPQO,). should show no 


lesser variation, at constant ionic strength, than does pK’,,Ca3(PO,4)e. 

Such a consideration neglects the errors inherent in the determination of | 
the third dissociation constant of phosphoric acid. This is not nearly as 
accurately known as are the first two constants. Thus, Bjerrum and 
Unmack (4) claim an accuracy of 0.01 to 0.02 for their values of pIk, and of 
0.01 for that of pK», but only 0.03 to 0.04 for that of pK’;. The values for 
pK’; and pK’, used by Sendroy and Hastings (5), at 38° and uw = 0.152, 
differ from those calculated by the formulae of Bjerrum and Unmack by 


only 0.034 and 0.072, respectively, but that for pk’; differs by 0.204. The | 


use of the product [Ca*+]* [HPO,.-]?/[H*]? obviates the difficulty caused by 
the uncertainty in the value of pk;. While it is true that the value of A’sis 
absolutely unknown, this constant does not enter into our final equation. 
This requires for the phosphate term of the ion product only the total P, 


the pH, and K’, of H3POx,, all of which can be determined with a high degree | 


of accuracy. | 


1K’ is employed to indicate that the constant is not the product of [Ca**] by [Ca- 
PO, }?, but this value divided by the unknown value, (K’s;)?, which probably changes 
with the ionic strength. 


‘ 
| 


(3) 


(4) 
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Moreover, it seems rather unreasonable to use the product [Ca++]? 
(PO.=)? which has never been demonstrated to have even the slightest 
validity in a region in which the fraction of the total phosphate that is 
present as PO,= is at all considerable. Such use as has been made of this 
product has been in a region in which [PO,*] is only 1 part in 10‘ to 10°, 
generally 10°, of the total phosphate and in which [PO,*] is approximately 
10~*. 

Finally, the product [Ca+*]* [PO,}? implies a reaction of the fifth order 
which is rather improbable. Moreover, as has just been pointed out, one 
constituent is present in a concentration of 10-§ m. As was shown by 


TABLE I 
Solubility of Calcium Phosphate in NaCl Solutions 
Data of Holt, La Mer, and Chown, recalculated by Sendroy and Hastings ((5) p. 
809). 


| | pKspGas(PO.)s CaHPO, pK’spCa(CaPOx)s 

xperi- | in 

pH ve x 103 P X 103 
| | | Found | x 108 Found lated* 
1 | 5.21 | 0.076 | 1.96 | 3.71 | 31.22 | 31.2 | 1.6 | 6.28 | 6.12 
2 | 5.27 | 0.099 | 1.98 | 3.63 | 30.82 | 30.8 | 1.7 | 6.00 | 5.97 
3 | 5.33 | 0.147 | 2.00 | 3.58 | 30.19 | 30.1 | 2.1 | 5.64 | 5.64 
4 | 5.46 | 0.263 2.07 | 3.54 | 28.81 | 28.8 | 2.1 | 4.82 | 4.89 
§ | 5.51 | 0.364 | 2.12 | 3.54 | 28.08 | 27.9 | 2.0 | 4.35 | 4.23 
6 | 5.52 | 0.364 | 2.22 | 3.59 | 27.938 | 27.9 | 2.1 | 4.24 | 4.23 
7 5.53 0.512 3.11 4.04 26.26 27.0 2.8 | 3.31 | 3.26 


* Calculated from pK’,» = 6.62 — 6.57 Vu. 


Bassett (6) and by others (2, 7, 8), if the solubility product for CaHPO, is 
exceeded, the immediate precipitate appears to be CaHPQO,. Only later, 
and rather slowly, may it change to that approximating the composition 
Ca3(PO,4)2. This is only to be expected. The formation of CaHPO, is a 
reaction of the second order, with both reactants present in at least milli- 
molar concentration. As a sparingly soluble acid, precipitated CaHPO, 
will slowly react with Ca** in solution to form Ca(CaPQO,)2. CaPO,- in 
solution will react rapidly with Cat’, the reaction being of the third order. 
Precipitation will, therefore, be rapid, although final equilibrium may be 
long delayed. 

Reactions of the second order may also occur between CaPO,g and Ca- 
(OH)+ or Ca(HCO;)+ (9). The regular occurrence of Ca in excess of that 
required by the formula Ca3(PQO,)2 is thus only to be expected. 

It is interesting to note that the values for pK’,,Ca(CaPO,)2, plotted 
against ~/y, fall on a straight line. For this purpose, we have used the 
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data of Holt, La Mer, and Chown for carbonate-poor solutions (2), as re- 
calculated by Sendroy and Hastings (5).2. From these, and the values for 
—log [Ca++] given by Greenwald, Redish, and 
(3),? we calculated the value of [CaHPO,], and, after correcting total Ca 
and total P for this small quantity, the values for pK’,, —log|Ca]*® [HPO,;}: 
/{H*}?? (Table 1). Plotted against +/u, they fall close to the straight line 
pK’,, = 6.62 — 6.57 un. 

The significance of this equation is not clear. The relation between the 
ion product and +~/y may be entirely fortuitous. However, the equation is 
useful in claculating the value of pK’,,, at 38° at any value of +/u from 0.076 
to 0.512. 


SUMMARY 


It is proposed to regard tricalcium phosphate as the calcium salt of the 
acid HCaPQ,. It is believed that this makes more reasonable the rapidity 
of precipitation, the slowness with which equilibrium is attained, and the 
increasing content of Cat* and OH~ or CO; in the precipitate as the pH is 
increased. The use of the solubility product [Ca**+]|CaPO,-}? = [Cat+} 
[HPO,-}?(K;)?/[H*}? obviates the need for the use of the third apparent 
dissociation constant of phosphoric acid, whose value is not known as ac- 
curately as is that of the second. Data in the literature lead to the equa- 
tion, pK’,, at 38° = —log [Ca++}3 [HPO,-?/[H*? = 6.62 — 6.57 Vu. 
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2 As it happens, these are the only determinations at pH < 6in the literature and, 
therefore, the only ones in which the precipitate may be assumed to have the com- 
position Ca;(PQ,4)2. Moreover, the amount of solid phase was sufficiently great for 
“equilibrium’’ to be assumed. See Paper | fora discussion of the effect of the amount 
of solid phase. 

’ This involved a certain error, for pKaiss, was determined at about 20°, whereas 
the experiments of Sendroy and Hastings were made at 38°. However, the amount of 
CaHPQ, was so small that a slight change in the value of K’' diss, could make no appre- 
ciable difference. 
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METABOLISM OF THE STEROID HORMONES 


1. THE ISOLATION OF PREGNANDIOL-3(a@),20(a) FROM THE URINE OF 
PREGNANT CHIMPANZEES* 


By WILLIAM R. FISH,t RALPH I. DORFMAN,t ano WILLIAM C. YOUNG 


‘From the Laboratory of Physiological Chemistry, the Laboratories of Primate Biology, 
and the Adolescence Study Unit, Yale University School of Medicine, 
New Haven, and Orange Park, Florida) 


(Reeeived for publication, March 3, 1942) 


The gravimetric method of Venning (2) for the determination of 
sodium pregnandiol glucuronidate in human urine stimulated wide in- 
terest in this compound, which has been adequately shown to be a urinary 
metabolite of progesterone. The occurrence of sodium pregnandiol 
gucuronidate in the urine of women during the luteal phase of the men- 
strual cycle as well as during pregnancy is now well established. The 
pregnandiol complex has been found also in the urine of women with 
adrenal carcinomata (3, 4) and adrenal cortex hyperplasia (3), in the urine 
of both men (5, 6) and women (7-10) following the administration of 
progesterone and of sodium pregnandiol glucuronidate, and in the urine 
of men to whom desoxycorticosterone acetate was administered (11). 

To the present time, however, the glucuronide of pregnandiol has not 
been found in the urine of any species other than man. Westphal and 
Buxton (12) failed to isolate the complex from the urine of normal and 
pregnant rabbits, normal and pregnant cats, and from the urine of mon- 
keys injected with progesterone. Strickler, Walton, and Wilson (13) 
were unable to detect sodium pregnandiol glucuronidate in the urine of 
bulls. Likewise, Elder (14) could find no sodium pregnandiol glucuroni- 
date in 24 hour specimens of urine from pregnant chimpanzees. In this 
laboratory, we have been unable to find sodium pregnandiol glucuronidate 
in the urine of guinea pigs to which progesterone and sodium pregnandiol 
glucuronidate were administered.! 

Attempts to isolate unconjugated pregnandiol from the urine of man 
and other animals have met with suecess. Pregnandiol-3(@),20(a@) and 


* Presented before the American Society of Zoologists at Dallas, December, 1941 
(1). 

This work was supported by grants from the Committee for Research in Problems 
of Sex of the National Research Council, from the Rockefeller Foundation, and from 
the Fluid Research Fund of Yale University School of Medicine. 

*t Present address, Department of Biochemistry, School of Medicine, Western 
Reserve University, Cleveland, Ohio. 

‘ Unpublished observations. 
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isomeric diols have been isolated from the urine of pregnant women 
(15-17), cows (18), and mares (19, 20), from the urine of bulls (21), and 
from the urine of women showing the adrenogenital syndrome (22). 
Heard, Bauld, and Hoffman (23) have reported, in a preliminary com- 
munication, the isolation of pregnandiol-3(a),20(a@) from the urine of 
rabbits following the simultaneous administration of progesterone and 
a-estradiol or estrone. On the other hand, Marker and Hartman (24) 
reported that they were unable to isolate pregnandiol or any of its isomers 
from the urine of pregnant rhesus monkeys or from the urine of rhesus 
monkeys to which progesterone was administered. 

In view of the close phylogenetic relationship of the chimpanzee to 
man and the apparent similarity of the reproductive physiology of these 
two forms, it seemed of considerable interest and importance to reexamine 
the urine of pregnant chimpanzees for the presence of pregnandiol. The 
fact that Elder (14) was unable to isolate pregnandiol in the form of its 
glucuronidate by the Venning procedure does not exclude the possibility 
that pregnandiol is actually excreted by the pregnant chimpanzee. _ First, 
the quantity of pregnandiol, if it is excreted as the glucuronide, may be 
too small to be isolated by the Venning procedure from 24 hour speci- 
mens. Second, pregnandiol may, in fact, be excreted in a form other 
than the glucuronide and thus be overlooked. It seemed advisable, there- 
fore, to attempt the isolation of unconjugated pregnandiol or other meta- 
bolic products of progesterone. The results of such a study form the sub- 
ject of the present communication. 


EXPERIMENTAL 


The urine from two healthy, pregnant chimpanzees, Wendy and Josie, 
was used. Urine was collected from Wendy from the 160th to the 17I1st 
day of pregnancy and from Josie from the 129th to the 140th day. All 
the specimens, representing 24 animal days, were pooled and amounted 
to 61 liters. 10 ce. of concentrated hydrochloric acid were added to each 
100 ec. of urine at the time of shipment from Orange Park, Florida, to 
New Haven, where chemical examination of the urine was undertaken. 
Hydrolysis and extraction with benzene were carried out simultaneously 
by a modification of the method of Dingemanse, Borchardt, and Laqueur 
(25) described in Paper II of this series (26). The total compounds sol- 
uble in benzene were dissolved in ether and extracted with 10 per cent 
aqueous sodium hydroxide. The alkaline solution was reextracted with 
ether, which was added to the alkali-insoluble (neutral) fraction. The 
neutral fraction was washed with water and evaporated. Traces of 
water were removed from the residue by distilling absolute ethanol from 
it under reduced pressure. 
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After desiccation over phosphorus pentoxide, the neutral compounds 
were dissolved in 20 cc. of pyridine and 10 gm. of succinic anhydride were 
added. ‘The mixture was heated on the steam bath for 90 minutes. The 
reaction mixture was rapidly cooled and partitioned between water and 
ether. The ether phase was separated and washed repeatedly with 10 
per cent hydrochloric acid to remove the pyridine. The succinic half 
esters were extracted from the ether solution with 20 per cent aqueous 
sodium carbonate. The ether phase, containing the non-carbinols, was 
washed with water and evaporated to dryness. 

The aqueous sodium carbonate solution, containing the succinic half 
esters, was acidified with 16 per cent sulfurie acid and extracted with 
ether. After evaporation of the ether, the residue was dissolved in 25 cc. 
of 20 per cent ethanolic (70 per cent) potassium hydroxide. This solution 
was boiled under a reflux condenser on the steam bath for 1 hour, diluted 
with cold water, and extracted with ether. The ether solution was then 
washed with water and evaporated. The residue, containing the car- 
binols, was dried by distilling absolute ethanol from it under reduced 
pressure. 

In order to insure the complete separation of carbinols from non-car- 
binols, these fractions were again treated with succinic anhydride in pyri- 
dine and the respective fractions combined. 

The carbinols were further separated into ketonic and non-ketonic 
fractions by means of the Girard-Sandulesco ketone reagent, trimethyl- 
acethydrazide ammonium chloride (27). 

The non-ketonic carbinols were dissolved in 20 ec. of 90 per cent ethanol. 
To this solution were added 400 mg. of digitonin dissolved in 20 ee. of 
hot 90 per cent ethanol. After the mixture was allowed to stand 24 hours 
in the cold, a small quantity of digitonide was separated by filtration. 
The residue was washed with 90 per cent ethanol and with ether, the 
washings being added to the filtrate. The filtrate was concentrated to a 
syrup, dissolved in 25 ce. of pyridine, and heated on the steam bath for 
lhour. After the solution was cooled, 100 ec. of ether were added and the 
insoluble digitonin filtered off. The residue was washed with ether and 
the washings added to the filtrate. The filtrate was washed repeatedly 
with 10 per cent hydrochloric acid to remove the pyridine, with saturated 
sodium bicarbonate solution, and with water. The ether was then evapo- 
rated and the residue dried by boiling absolute ethanol from it under 
reduced pressure. 

The non-ketonic, digitonin-non-precipitable carbinols were desiccated 
over phosphorus pentoxide and dissolved in 35 ec. of carbon tetrachloride. 
A portion of the material remained in suspension and was separated. 
Upon recrystallization twice from absolute ethanol, this material, insoluble 
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in carbon tetrachloride, weighed 13.3 mg. and melted at 234—-236°.2. When 
mixed with a sample of authentic pregnandiol-3(a) ,20(a@) (m.p. 234-236°), 
the melting point was 234-236°. An additional 6.2 mg. of pregnandiol- 
3(a@),20(a) (m.p. 231-233°) were obtained by dilution of the combined 
mother liquors. 

The final mother liquor was evaporated and the residue dried over phos- 
phorus pentoxide. The residue was then resuspended in carbon tetra- 
chloride and combined with the non-ketonic, carbinolic fraction from 
which it was separated. The entire fraction was adsorbed on a column of 
activated alumina’ (10 K 120 mm.).* The material was selectively eluted 
by passing through the column 50 cc. quantities of carbon tetrachloride 
containing progressively greater concentrations of absolute ethanol. Elu- 
tion of crystalline material was effected by carbon tetrachloride containing 
3 per cent of absolute ethanol. The residues from these eluates were 
combined and recrystallized twice from dilute ethanol. 28.8 mg. of erys- 
tals, m.p. 235-237°, were obtained. When mixed with authentic preg- 
nandiol-3(a) ,20(a) (m.p. 234—236°), the melting point was 234-237°. The 
acetate melted at 174-176° and did not depress the melting point (176- 
178°) of a sample of authentic pregnandiol-3(a@) ,20(a) diacetate. 


DISCUSSION 


The total quantity of pregnandiol-3(a@),20(a@) isolated from the urine 
of pregnant chimpanzees, 48.3 mg., represents the minimal amount present 
and is equivalent to 0.79 mg. per liter or an average daily excretion by 
each animal of 2 mg. These values are considerably lower than those 
reported for human pregnancy urine. They are similar in magnitude to 
those reported by Venning and Browne (7) and by Wilson, Randall, and 
Osterberg (28) for human non-pregnancy urine. 

There are three possible sources of urinary pregnandiol in the pregnant 
chimpanzee, the corpus luteum, the placenta, and the adrenal cortex. 
Progesterone, which is known to be a precursor of pregnandiol in man and 
the rabbit, has been isolated from corpora lutea of sows (29) and from ox 
adrenals (30). Observations made by Smith and Kennard (31), which 
have been confirmed in this laboratory, demonstrate that human placentae 
contain progestational material, which may be progesterone. In the case 
of the adrenal cortex, pregnandiol might arise during the metabolism of 
steroids other than progesterone; e.g., desoxycorticosterone, which Reich- 
stein and von Euw (382) isolated from the adrenal cortex (species?). At 


2 All melting points are uncorrected. 

$The activated alumina was procured from the Aluminum Ore Company, East 
St. Louis, Illinois; it is designated grade A, mesh 40. 

4 The insoluble material, which collected on the top of the adsorption column, was 
dissolved and carried through the column during elution. 
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the present time, the fate of desoxycorticosterone acetate in the chim- 
panzee is being investigated. In this connection, it is to be noted that 
Cuyler, Ashley, and Hamblen (11) have recovered sodium pregnandiol 
glucuronidate from the urine of men following the administration of 
desoxycorticosterone acetate. Further evidence that pregnandiol may 
arise during the metabolism of adrenal cortical compounds has been pre- 
sented by Venning, Weil, and Browne (3) and by Salmon, Geist, and Sal- 
mon (4), who isolated sodium pregnandiol glucuronidate from the urine 
of women with adrenal carcinomata and adrenal cortex hyperplasia, and 
by Butler and Marrian (22), who isolated pregnandiol from the urine of 
women showing the adrenogenital syndrome. 


SUMMARY 


48.3 mg. of pregnandiol-3(a) ,20(a@) were isolated from 61 liters of urine 
collected from two chimpanzees during the 5th and 6th months of preg- 
nancy. ‘This quantity is equivalent to 0.79 mg. per liter or an average 
daily excretion by each animal of 2 mg. 

The reference sample of pregnandiol-3(a@),20(@) was furnished by 
Dr. Russell E. Marker, to whom we express our thanks. 
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OXIDATION, REDUCTION, AND SULFHYDRYL IN AUTOLYSIS 


By B. BAILEY, SAMUEL BELFER, HOWARD EDER, anv H. C. BRADLEY 
(From the Department of Physiological Chemistry, University of Wisconsin, Madison) 


(Received for publication, March 20, 1942) 


Evidence has accumulated both for and against the idea that the control 
of the autolytic mechanism is in some way directly associated with oxida- 
tion-reduction levels in the tissue, and is mediated through sulfhydryl 
compounds such as glutathione and cysteine. Grassmann and Dyckerhoff 
first showed the activating effect of —-SH and HCN on yeast proteases (1). 
Shortly after, Waldschmidt-Leitz et al. (2, 3) reported a similar activation 
of mammalian tissue proteases. They found an activator which increased 
as autolysis proceeded, and this was later identified as glutathione (4). 
Both groups of investigators indicated that the effect of —SH compounds 
was to increase the range of catheptic activity. Thus certain proteins not 
digested before the addition of —-SH, were digested in its presence. Others 
were digested as well before activation as after. Kleinmann and his asso- 
ciates (5-7) showed activation of tumor proteinases toward gelatin, but 
failed to detect it when such native proteins as casein, egg albumin, organ 
proteins, and the proteins of the tissue from which the cathepsin was ob- 
tained were used. Abderhalden and his associates likewise were unable 
to detect activation toward the native and tissue proteins used, but found 
gelatin more rapidly digested in the presence of reduced glutathione (8). 
Mayr and Borger (9) showed that HCN increases the catheptic digestion 
of various proteins, including gelatin, serum albumin, edestin, and Witte’s 
peptone. Reduced glutathione was more effective, while a combination of 
glutathione and HCN was the most effective activator found. On the 
other hand Bierich and Rosenbohm were unable to find activation by 
reduced glutathione in tumor tissues (10). 

Voegtlin and Maver (11) showed that tissue autolysis was inhibited by 
oxygen, while the removal of oxygen by nitrogen gas permitted more ex- 
tensive autolysis. They were able to correlate these effects with the loss 
or maintenance of sulfhydryl compounds reacting with nitroprusside. 
Voegtlin, Maver, and Johnson (12) showed that either protein hydrolysis 
or synthesis could be produced in an autolyzing tissue hash or by means of 
papain by properly adjusting the oxygen tension, and that the direc- 
tion of the reaction was determined by the presence of —SH or —S—S— 
in the form of reduced or oxidized glutathione. Linderstrgm-Lang et al. 
(13-15) were unable to repeat this demonstration with papain and at- 
tributed the results previously reported to concentration of the digests by 
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the gas stream bubbled through them, or to cross-links formed on oxidation 
between the cysteine molecules of peptide chains which may produce 
compounds precipitated by trichloroacetic acid but which do not represent 
true protein synthesis. Maver and Voegtlin (16) have published further 
confirmation of the experiments on protein synthesis which indicates that 
the balance between substrate and products must be very accurately 
adjusted for this reaction to occur. Anson (17), working with a purified 
cathepsin, free from carboxypolypeptidase, has shown that the enzyme as 
prepared is already active toward hemoglobin and that no further activa- 
tion results by adding cysteine. The enzyme does not digest gelatin, 
He also showed that polypeptidase is activated by cysteine. It becomes 
evident that gelatin, which has been so widely used as substrate material, 
may not indicate the presence of cathepsin, and that much of the reported 
catheptic activity is referable to the peptidases of the tissues. Maver has 
reported the preparation of a cathepsin which is activated by cysteine to- 
ward liver globulin (18). 

More recently Fruton, Irving, and Bergmann (19) have presented evi- 
dence that cathepsin is a mixture of several different proteolytic enzyme 
factors which behave differently to certain pure synthetic substrate com- 
pounds and to activators such as cysteine. Just what the action of these 
enzyme factors is upon native proteins remains to be determined. 

In view of the existing differences in the literature it has seemed to us 
profitable to reinvestigate the phenomena of activation and inhibition of 
the autolytic mechanism. In the present study we have concerned our- 
selves only with the changes which occur in whole liver digests. No foreign 
substrates have been added. Digestion, as measured by soluble nitrogen 
and the tyrosine color reaction, represents the action of the liver enzyme 
upon the liver proteins present. The results reported here are representa- 
tive and typical examples and have been shown to be easily reproducible. 
We believe they are of significance in understanding the processes of 
atrophy, involution, and hypertrophy in the living tissue. Studies of the 
single purified enzymes of the system upon single pure substrate prepara- 
tions will eventually be required to clarify the processes of autolysis. But 
in the meantime it seems desirable to know what happens in the natural 
substrate milieu of these enzymes as they are in the tissues themselves. 
Both lines of attack will supplement each other in clarifying the phenomena 
of changing protein mass in the living organism. 

Effects of Varying Oxygen Tension on Liver Autolysis—Hog liver, obtained 
fresh from the abattoir, was ground to a fine hash and made up as a 20 per 
cent suspension in water with sufficient toluene to make 5 per cent of the 
final volume. Such a mixture was then homogenized in a Waring mixer, 
any inclusion of air bubbles during homogenization being avoided. The 
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ereamy suspension was passed through a fine mesh sieve to remove shreds 
of connective tissue. Such a suspension may then be accurately sampled 
with an ordinary pipette. Digests were set up at a number of pH levels 
by the addition of HCl or NaOH. Rapid streams of oxygen or nitrogen, 
saturated with water and toluene vapor to prevent evaporation, were 
passed through these digests in the cold for 15 minutes. The digests were 
then placed in the thermostat at 38° and a slow stream of the gas bubbled 
through them as long as the experiment lasted. Reflux condensers pre- 
vented change in volume of the digests. Samples were removed from time 
to time and precipitated with trichloroacetic acid whose final concentration 
was 5 per cent or approximately 0.3 nN. pH values were read daily on the 
digests with a glass electrode, and adjustments made so that each digest 
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Fic. 1. The effect of aerobie and anaerobic conditions on the speed of autolysis at 
pH 4 (upper set of curves) and pH 7 (lower curves). 


was maintained at the initial H ion level throughout the experiment. 
Digestion was determined by the soluble Ny appearing in the trichloro 
filtrate, and the increase of tyrosine, according to the Kjeldahl and Folin- 
Ciocalteu techniques respectively. The usual series of digests was set and 
maintained at pH 2, 3, 4, 5, 6, and 7.5. In several digests in this series 
oxygen was bubbled through autolyzed mixtures which had been main- 
tained anaerobic with a stream of nitrogen, in the hope of reproducing the 
synthetic effects observed by Voegtlin. In no instance were we able to 
discover evidence of protein synthesis under the conditions of our experi- 
mentation. Typical results are shown in Fig. 1. 

The points of significance appear to us to be the following. 

1. The difference between anaerobic and aerobic autolysis, while not 
large, is nevertheless significant and reproducible. Under anaerobic 
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conditions the digestion rate is highest and the extent of digestion in the 
10 day period is greatest. Aerobic digestion is least. In this experiment 
we confirm the results reported by Voegtlin and Maver (11). 

2. The effect of anaerobic or aerobic conditions is perceptible at all pH 
levels. It is greatest where digestion proceeds at the optimum pH, and 
least where digestion is always small, namely at pH 2, 2.5, 6, and 7.5, 

3. The nitroprusside reaction disappears in 24 to 48 hours. It is most 
persistent in acid reaction and under anaerobic conditions when digestion 
is also optimum. This confirms the observation by Voegtlin and 
Maver (11). 

4. The H ion concentration of the digest is the dominant factor in de- 
termining the speed and extent of autolysis. The oxidation level modifies 
this result up or down to a relatively small but significant extent. 

5. We were unable to reverse the action from protein cleavage to syn- 
thesis by passing oxygen through digests previously subjected to anaerobic 
autolysis. 

Activation of Autolysis by —SH Compounds—-In the following series of 
experiments we have added cysteine and other thiol compounds in order 
to determine their effects upon the over-all process of tissue digestion under 
fixed conditions of pH. 

As before, digests were maintained at the initial pH levels throughout 
the digestion period by making the necessary adjustments at frequent 
intervals during the first 2 days. Nitroprusside tests were made from day 
today. The naturally occurring reaction usually persists for about 2 days 
or less, while in digests to which cysteine has been added the reaction may 
persist several days longer. 

The graph of a typical series resembles very closely the curves of control 
and N» gas as shown in Fig. 1. The addition of cysteine to the liver in- 
creases the speed and extent of digestion beyond that of the control at all 
pH levels tried and for the period of observation. While the effect appears 
to be upon the final level of cleavage attained and in the 10 day period is 
indistinguishable from that of the addition of some fragile protein like 
hemoglobin, the experiments were not carried on long enough to determine 
whether equilibria had been approximated in all cases. This point will be 
discussed later. 

Similar increases of autolysis were produced by thiocresol and thioacetic 
acid. Thioglycolic acid produced no increase of autolysis but inhibited 
the reaction in proportion to the amount added. 

Inhibition of Autolysis by Oxridants—Certain common oxidizing agents 
very rapidly abolish the naturally occurring nitroprusside reaction for —SH 
of freshly ground tissue. In this category are KIO;, K1IO«, Io, and CuSO,. 
The first three are believed to oxidize —SH to —S—S— compounds 
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directly. Copper sulfate is said to catalyze the oxidation by oxygen. 
These oxidants inhibit the autolytic process at all pH levels tried. The 
degree of inhibition is determined by the amount of the oxidant added, 
within narrow limits, but even a very large excess does not completely 
arrest digestion. Inhibition may be counteracted by the addition of 
cysteine. 

Since these four compounds give very much the same picture, we shall 
present data from one of them, KIOs, as typical. 

Effect of KIO;—At pH 4 a preliminary trial showed that 0.75 ce. of 
0.2m KIO; in 30 minutes reduced the nitroprusside reaction in 100 cc. of the 
liver digest to a barely perceptible test. 1 cc. of the oxidant abolished the 
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Fic. 2. The inhibition of autolysis at pH 4 by KIO; in an amount sufficient to 
abolish the —SH reaction, and in 10-fold excess; the reactivation by increasing incre- 


ments of cysteine. 


nitroprusside test completely. Cysteine increased autolysis over the 
control to a small extent. When increments of cysteine were added to 
digests in which the —SH reaction had been abolished, digestion was in- 
creased in proportion to the amount of cysteine added. In such digests 
the nitroprusside reaction was brilliant and persisted for 2 days or more. 
These results are shown in Fig. 2. 

Certain other oxidants, when added to liver digests in amounts equiva- 
lent to KIO;, have no effect upon the autolysis and do not abolish the nitro- 
prusside reaction. The compounds in this category tried were KCIQOs, 
KCIO,, and 

There can be no doubt that there is a close correlation between the pres- 
ence of —-SH in a tissue digest and the speed and extent of autolysis at- 
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tained in limited periods such as 5 or 10 days. It is important, however, 
to know whether equilibria are being approached in 10 days in all digests, 
and whether these equilibria are artifacts due to destruction of the enzymes 
present or not. At pH 4 autolysis is ordinarily so rapid that digestion 
curves level off before the 10th day and represent substantially the final 
value of proteolysis. Further, it has been established (20) that the 
enzymes remain active for several weeks under control conditions, so that 
cessation of digestion indicates that all of the available substrate proteins 
have been digested, rather than that the enzymes have become inactive. 
In the following prolonged experiment we have studied the behavior of 
cathepsin in digests treated with sufficient KIO; to remove immediately 
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Fic. 3. The heavy curve represents autolysis inhibited by sufficient KIO, to 
abolish the —SH reaction. The lighter curves are for secondary digests activated 
at the times indicated by cysteine. The dotted curve represents the digestion of 
hemoglobin without cysteine activation. Activated and oxidized digests approach 
he same final level of digestion at different rates. 


t 

the nitroprusside reaction. The procedure was that previously described 
(20). <A large 20 per cent liver hash was adjusted to pH 4. Sufficient 
KIO; was added to abolish the —SH test. From this primary digest were 
removed 100 cc. aliquots; they were treated with 2.5 ec. of 0.2 m cysteine 
solution and allowed to continue digesting. All digests were maintained 
at pH 4 throughout the experiment. 

On the 34th day a secondary digest was set up with hemoglobin added 
instead of cysteine as an additional check on enzyme activity. The 
enzyme was found to be still active to hemoglobin (Fig. 3). 

In this experiment about 80 per cent of the total liver N» was solubilized 
in the presence of cysteine. In the first secondary digest activated imme- 
diately, equilibrium was approximated in 10 days. There was very slow 
digestion following that point and up to 20 days, at which time the reaction 
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had become stationary. Later secondary digests did not quite attain the 
level of the first one, but the difference is not great enough to be certainly 
significant. All the secondary digests approximate 75 to 80 per cent of the 
total Ne solubilized. 

The primary digest proceeded very slowly but did not level off in the 50 
day period. It is fair to conclude that digestion goes on more slowly in 
the absence of —-SH but to the same ultimate level, if the time allotted is 
sufficiently long. From the slope of the later secondary digests it is ap- 
parent that the enzymes are gradually becoming less active and, in a very 
long digest of 60 days or more, might become wholly inactive. That all 
the cathepsin in the primary oxidized digest had not been destroyed, how- 
ever, in 34 days exposure to the conditions set up is clear from the rapid 
digestion of hemoglobin added at that time, with no added cysteine. 


DISCUSSION 


So far as the over-all digestion of hog liver tissue is concerned, there can 
be no question but that the reducing level set up or indicated by cysteine 
leads to more rapid autolysis. The removal of cysteine as determined by 
the nitroprusside reaction, by such an oxidant as KIQOs;, or merely by 
providing a high level of oxygen tension, decreases the rate of autolysis. 
In an extended period, however, the two reactions appear to approach an 
identical level of protein cleavage, as measured by soluble nitrogen and 
the tyrosine reaction. 

Without more extensive data it will not be profitable to attempt positive 
interpretations at this time. Suffice it to point out that our results suggest 
the presence of two enzymes concerned in the primary cleavage of the 
tissue proteins. One of these is active whether cysteine is present or not, 
and in the absence of the activator autolysis goes on slowly to reach a 
cleavage level determined by the active masses of substrate and products. 
The second enzyme requires sulfhydryl activation. When this is provided, 
digestion is much more rapid, but the same final degree of cleavage is at- 
tained. Thus the effect of cysteine is to produce more active proteinase in 
the mixture rather than more available protein. This interpretation is in 
harmony with the results obtained by Fruton, Irving, and Bergmann 
working with small molecule, specific substrates, from which they conclude 
that splenic cathepsin is a multiple proteinase, some of whose factors require 
sulfhydryl activation, and some of which do not. It is also probable that 
the cathepsin prepared by Anson from spleen, which required no activation 
to digest hemoglobin, is a single member of this complex. 
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CARBONIC ANHYDRASE 


Ul. ZINC IN ITS RELATION TO CARBONIC ANHYDRASE ACTIVATION 
AND INACTIVATION 


By EDNA R. MAIN anno ARTHUR LOCKE 
(From the Institute of Pathology, The Western Pennsylvania Hospital, Pittsburgh) 


(Received for publication, February 25, 1942) 


This is a report of an investigation begun as an inquiry into the extent 
to which carbonic anhydrase can be affected, in vitro, by principles of known 
effect on respiration and circulation in vivo. A marked intensification of 
carbonic anhydrase activity was observed in the presence of adrenalin. 
The tracing of this effect to the contained catechol grouping and its inter- 
relations with zine led to the further developments described. 


EXPERIMENTAL 


Methods —Use was made of the Philpot technique for following the rate 
of carbon dioxide hydration, in terms of the time required for a specified 
change in pH in a carbonate-bicarbonate mixture undergoing saturation 
with streaming carbon dioxide at 0° (1, 2). Under the conditions con- 
trolling the measurements, 81 + 3 seconds were required for the specified 
amount of hydration in the absence of modification by added enzyme or 
other substance. A single preparation of carbonic anhydrase was used, 
made by the ‘chloroform method” of Meldrum and Roughton (3). This 
preparation retained its initial activity unmodified throughout the in- 
vestigation.! The substances tested for collateral effect were added to 
the reaction mixture as solutions in 0.00263 m sodium bicarbonate, along 
with sufficient 0.1 m NaOH or HCI to prevent substantial alteration in pH. 
The total volume was kept at 11 ce. An atmosphere of carbon dioxide 
was maintained during the solution, addition, etc., of the hydroxyphenols. 

Effects of Adrenalin, Benzedrine, Ephedrine, and Paredrine—Only adren- 
alin, of these sympathomimetic drugs of related structure, had intensifying 
effect (Table I). The extent of the effect approximated that produced 
by histamine but was not attributable to the amino group which was, of 


1 Stored at ice box temperature, with the ordinary precautions against contamina- 
tion, ete., the initially observed activity of this extract has persisted without sig- 
nificant deterioration for 16 months. Bakker (4) also found carbonic anhydrase to 
be a remarkably stable substance. The activity of his lens extracts was reported to 
be unchanged after storage in the ice box for a year. <A highly purified preparation 
stored at room temperature in high dilution was found by Scott and Mendive (5) to 
lose 95 per cent of its activity within 24 hours. The loss did not occur if dilution was 


made with 0.05 per cent peptone instead of water. 
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TABLE I 


II 


Catechol Group in Adrenalin As Source of Enhancing Effect on Carbonic Anhydrase 
Activity; Relation of Effect to That Produced by Histamine, Pyrophosphate, and 


Substance added _ Concentra- 


tion 


None, 0.01 cc. enzyme.............. 
0.03 ‘ 


Benzedrine, Smith, Kline and French. . ] 
Ephedrine, Mallinckrodt............ 1. 
Paredrine, Smith, Kline and French l 
Hydroquinone 
3 
Digallic acid | ] 
0. 
Orthophosphate-...__. 0. 
Metaphosphate 0. 
Pyrophosphate __. | 0. 
0 
| 
Cysteine 0. 
Sulfide... | <0. 
Diethyldithiocarbamate 
Dithizone... 0) 
Sulfanilamide 0 


* 0.01 ce. except where otherwise specified. 


mM per I. 


2§ 
l 


004 
O12 


No enzyme 
(blank) 


3 


76 


79 
74 


Diethyldithiocarbamate; Inhibition of Effect by Added Zine 


Hydration time 


Enzyme 
present*® 


sec. 
33 + | 
21 


15 


Enzyme + 
added zinct 


Sec. 


56 + | 


44 
3S 


31 


+ In a final concentration of 0.025 mm per liter, except with the digallic acid in 


which 0.5 mm per liter was added. 
t Formation of a visible precipitate. 


§ A small, undetermined percentage of the added sulfide was swept out of the 


titration mixture by the CQO» stream. 
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course, common to the series. The amino group introduced the slight 
lengthening apparent in the blank hydration time. Phenol and glycerol 
(6 to 7 mM per liter) and freshly dissolved and neutralized ascorbic acid 
(1.0 mM per liter) were without effect. 

Effects of Catechol, Hydroquinone, and Resorcinol—These compounds 
contain two hydroxy groups attached to a benzene ring, the first in the 
ortho relationship present in adrenalin, the second in a para, and the 
third in a meta relationship. Catechol and the related pyrogallol exerted 
an intensifying action equivalent to that produced by adrenalin. Hydro- 
quinone, resorcinol, and the related phloroglucinol were without effect. 
Digallie acid, containing the catechol grouping but without the catechol 
effect on the solubility of zine hydroxide reported in Table IIT, caused a 
diminution of activity. 

Prevention of Catechol Effect by Added Zine—Zine in a concentration of 
0.025 mM per liter, having no substantial direct effect on the enzyme, 
exerted the same blocking action against intensification of carbonic an- 
hydrase activity by added catechol and pyrogallol that had been earlier 
observed against histamine and cysteine (2, 6). 

Effects of Ortho-, Meta-, and Pyrophosphate—The orthophosphate ion 
produced no shortening of the hydration time either in the presence or the 
absence of carbonic anhydrase. Borate also was without significant effect. 
The pyrophosphate ion in a concentration of 0.5 mM per liter had an 
intensifying effect on carbonic anhydrase action equaling that contributed 
by peptone broth and by heated plasma (2, 5-7). The related metaphos- 
phate ion was less active in this direction. The effect was blocked by added 
zinc provided the intensifying agents were not present in a ratio, to the 
added zinc, markedly exceeding 2:1. 

Effects of Sulfide, Cysteine, Diethyldithiocarbamate, Dithizone, and Sulfa- 
nilamide in Their Relation to Zinc—-Cysteine had an intensifying action 
exceeding that of pyrophosphate. The contrasted diminishing action of 
sulfide approached that exerted by sulfanilamide and dithizone. The 
intensifying action of diethyldithiocarbamate was reversed, into an 
inhibition, by added zine. The latter effect was accompanied by evidence 
of precipitation. Sulfide, dithizone, and sulfanilamide were fully as 
inhibitory in the presence of added zine as in its absence. 

Extent to Which Effects of Histamine, Catechol, and Pyrophosphate Were 
Additive—Additions of histamine and catechol produced a greater degree 
of activation than was realizable through addition of either substance alone 
(Table II). Additive effect was less apparent in the combinations with 
pyrophosphate. 

Extent to Which Sulfanilamide and Sulfide Prevented Activation by Cate- 
chol, Pyrophosphate, and Cysteine—The activity of carbonic anhydrase plus 
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sulfanilamide was increased to about the same extent by catechol as the 
activity of carbonic anhydrase without sulfanilamide addition (Table II]), 


TABLE II 
Summation of Effects of Catechol and Histamine; Non-Summation with Pyrophos phate 


Concentration of added | Indicated 
ebbancement of 
Catechol | Histamine | Pyrophosphate | | activityt 
per 6. | mat per | mM per |. | sec. | per cent 
| 0 0 | 51 | 
0.5 0 | 0 30 — 
0 0.32 | 0 33 | 155 
0.5 0.32 | 0 24 | 320 
0 0 1.0 23 370 
0 0.32 1.0 22 410 
0.5 0 1.0 23 370 


* 0.005 ec. of the solution described for Table I. 
Tt Activity = 1/Vunie = (1/V) (1/t — 1/to)/(1/to), where V is the volume in ce. of 
the enzyme preparation added and ¢ and ¢o are the observed hydration times in 
seconds in the presence of that volume of added enzyme and in the compared blank. 


Vunit is the volume of enzyme giving a hydration time equal to one-half the blank 
(1, 2). 


TaBLe III 
Combined Intensifying and Inhibiting Effects” 


| 


Increase* in activity produced by additions 


Concentration of added inhibitor Activit | 
in of 6.1 mat peg liter 
Sulfanilamide Sulfide | | | Py rophosphate Cysteine 
mat per i. mM perl. | uniist | per cent | per cent g per cent 
0 0 | 160 100 130 | 240 
| 
} 
0.03 0 | 45 | 100 70 | 120 
| | 
0 | 0.03 | 60 | 0 | 0 4 SO 


* Virtually the same i in netivity were whether the catec pyro- 
phosphate, and cysteine were added before or after the sulfanilamide or sulfide. 
The figures are given in terms of increase from the base-line purely for convenience 
of presentation. 

+t See t foot-note of Table IT. 


Conversely, the activity of carbonic anhydrase plus catechol was decreased 
to about the same extent by sulfanilamide as the activity manifest in the 
absence of catechol addition. Comparably balanced action was apparent 
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between sulfanilamide and cysteine and also between sulfanilamide and 
pyrophosphate although to a less consistent extent. 

In contrast, carbonic anhydrase plus sulfide appeared to be only partially 
susceptible to activation by cysteine and very nearly completely insus- 
ceptible to activation by catechol and pyrophosphate. Inhibition by 


TABLE IV 


Precipitability of Zine from Solutions Containing Substances with Intensifying and 
Inhibitory Effect on Carbonic Anhydrase Activity 


Volume of precipitate formed at pH 7.4 with 


Substance" | Added phos- | Added sulfide 
No additions | phate (2.5 mm (1.2 mm per 
| per liter) liter) 
| ce. | ce ce. 
Hydroquinone.......... 0.13 | 0.20 0.12 
Resorcinol...... | 0.20 0.10 
Pyrogallol........ | 0 0.01 
Phloroglucinol..... 0.60 0.20 0.10 
Cysteine....... a 0 | 0 
Peptone..... 0.20 0.18 | 0.15 
Sulfanilamide | 0.40tT 0.18 | 0.18 


* The final concentration of each added substance was 20 mm per liter except for 
the peptone which was 0.18 per cent. Each mixture was made up to a total volume 
of 10 ec. and contained 3.75 mM of ZnSO, per liter. 

t Precipitate loose and gelatinous. 

t No sulfanilamide was carried into the precipitate. 


sulfide appeared to exclude opportunity for activation by agents other 
than cysteine. 

Extent to Which Substances with Intensifying Effect on Carbonic Anhydrase 
Action Tended to Stabilize Zine against Precipitation—A series of mixtures 
containing zine sulfate and the various added substances listed in Table 
IV in the volume and concentration there stated was adjusted to pH 7.4, 
allowed to stand until flocculation, when present, was complete, and then 
placed in the centrifuge. The indicated volumes of sediment are not 
intended to be other than a rough gage of the effects of the added sub- 
stances on precipitability. 

Catechol was clearly differentiated from hydroquinone and resorcinol 
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in its preventive action against zinc precipitation, as was pyrogallol from 
phloroglucinol and pyrophosphate from orthophosphate. Added _phos- 
phate and sulfide tended to diminish the preventive effect. Histamine 
and cysteine had a preventive action not shared by peptone. 


DISCUSSION 


It is apparent from the relations presented in Table I that amounts of 
zinc in themselves insufficient to produce substantial inhibition of carbonic 
anhydrase activity successfully prevented the enhancement of activity 
obtained, in the absence of added zinc, by added catechol, histamine, cys- 
teine, and pyrophosphate but failed to prevent the contrasted inhibitions by 
sulfide, dithizone, and sulfanilamide. It is further apparent, from Table 
IV, that a limited parallelism exists between the extent to which catechol, 
cysteine, and pyrophosphate produced enhancement of carbonic anhydrase 
activity and the extent to which stabilization was horas against the zine 
precipitations there described. 

These findings suggest a probability of action against zinc, but not 
against a zinc grouping in the enzyme itself. The action would be, rather, 
against traces of zinc or its equivalent extraneous to the enzyme principle. 
How such an action could have associated effects on carbonie anhydrase 
activity is made clear by the experiment with diethyldithiocarbamate. In 
this experiment, precipitate formation by an amount of zine with no 
substantial, direct inhibiting action and an amount of diethyldithiocar- 
bamate, which by itself produced an intensification of activity, together 
caused an unmistakable loss of activity. The existence of adsorption 
affinities, between the enzyme and the precipitating substance, could 
easily cause loss of activity on addition of substances favoring precipita- 
tion, and stabilization or increase in activity on addition of substances 
preventing or reversing precipitation. An action of this sort has been 
reported by Hove, Elvehjem, and Hart (8). These workers found a 
reduction in carbonic anhydrase activity following additions of preformed 
zine dithizonate and suggested a mechanism of adsorption of enzyme sub- 
stance to the colloidal metal dithizonate particles as a possible explanation 
for the loss. The effect was not specific for added zine dithizonate but was 
elicited also by other, related metal dithizonates. Nor is zine the only 
metal blocking the intensifying action of histamine, cysteine, ete. (6). 

Hove, Elvehjem, and Hart also observed, for zinc, an implementing 
action on amino acid intensification of intestinal phosphatase activity (9) 
curiously contradirectional to the blocking action exerted against amino 
acid intensification of carbonic anhydrase activity. 

The inability of histamine to produce substantial increase in intensifying 
effect over and above that exerted by pyrophosphate simultaneously pres- 
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ent, as reported in Table II, has bearing, along with the observation of 
antagonism between phosphate and histamine indicated in Table IV, on 
the controversy between Kiese (10) and Leiner and Leiner (11) with 
respect to histamine as an activator of carbonic anhydrase. Kiese’s 
failure to observe the effect was ascribed by Leiner and Leiner to the use 
of a method of appraisal requiring a high concentration of pyrophosphate 
buffer. Pyrophosphate in high concentration has also been reported to 
interfere with the combination of histamine and carbon dioxide into 
carbamate (12). 

The inhibiting action of neither sulfide nor sulfanilamide can be presumed 
to be exerted on zine adventitiously present, since it is neither counteracted 
nor substantially augmented (through induced coprecipitation) by added 
zinc. Sulfanilamide was, furthermore, not observed to be carried down 


with precipitating zine at pH 7.4. 
SUMMARY 


1. The activity of partially purified preparations of carbonic anhydrase, 
as appraised by the Philpot method of titration, was intensified by adren- 
alin, but not by benzedrine, ephedrine, or paredrine. 

2. An equivalent intensification of activity was exerted by catechol and 
pyrogallol but not by hydroquinone, resorcinol, phloroglucinol, phenol, 
glycerol, or ascorbic acid. 

3. Marked intensification was produced by pyrophosphate, cysteine, 
and diethyldithiocarbamate. Some intensification was apparent with 
metaphosphate and none with orthophosphate or borate. A degree of 
inhibition exceeding that exerted by sulfide was observed with dithizone 
and with sulfanilamide. 

4. The intensifying actions were, without exception, blocked by added 
zinc. That of diethyldithiocarbamate was changed, following addition 
of zinc, into a marked inhibition. Zine together with dithizone also was 
more inhibitory than dithizone alone. 

5. The intensifying actions of catechol and histamine were additive. 
The intensification produced by pyrophosphate was not substantially 
increased by additions of either catechol or histamine. The inhibiting 
action of sulfanilamide was competitive with the intensifying action of 
catechol, cysteine, and pyrophosphate. The one action did not exclude the 
production of the other. Inhibition through sulfide tended to exclude the 
production of intensification by catechol and pyrophosphate and lessened 
the extent of intensification produced by cysteine. 

6. The differentiations in intensifying action between catechol and 
hydroquinone, pyrogallol and phloroglucinol, pyrophosphate and ortho- 
phosphate, cysteine and sulfide were paralleled by a protective effect 
against zinc precipitation at pH 7.4. 
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STUDIES ON THE CALCIUM-PROTEIN RELATIONSHIP WITH 
THRE AID OF THE ULTRACENTRIFUGE* 


1. OBSERVATIONS ON CALCIUM CASEINATE SOLUTIONS 


By ALFRED CHANUTIN, STEPHAN LUDEWIG, ano A. V. MASKETT 


(From the Biochemical Laboratory, University of Virginia, University) 
(Received for publication, February 11, 1942) 


It is recognized that calcium in protein-containing solutions exists in 
both diffusible and non-diffusible states, and that at least two forms of 
calcium are in equilibrium with each other. The quantitative aspects 
of this relationship have been studied by a variety of methods such as 
ultrafiltration, the McLean-Hastings frog heart technique, and by direct 
correlation of data for protein and calcium. An outstanding contribution 
to the subject in recent vears was made by McLean and Hastings (1), who 
showed that the ionization of calcium in serum and solutions of purified 
proteins is determined by a relationship between calcium and _ protein 
which can be expressed to a first approximation by a simple mass law 
equation. ‘The work reported in this paper is designed to test the validity 
of this conclusion and to investigate certain aspects of the problem not 
accessible to previous methods. 

The ultracentrifuge affords a physicochemical approach to this problem. 
With this method, a calcium-protein solution is exposed to centrifugal 
forces sufficient to produce gradients in the protein and calcium concen- 
trations. A study of these gradients provides a method for determining 
the diffusible calcium concentration and the amount of calcium bound to 


protein. 
Methods 


The Ultracentrifuge—The driving mechanism was similar to that de- 
scribed by Beams, Linke, and Sommer (2). The rotor was designed by 
Masket (3) and is a modification of the Bauer and Pickles quantity type (4). 
The holes in this rotor were bored at a 10° angle and thus have an advan- 
tage over the 45° angle type because there is less distance for a molecule to 
sediment before reaching the Lusteroid test-tube wall farthest from the 


axis. The loaded rotor, with a capacity of 66 cc. of solution, was kept at 
| 5° overnight and was placed in the vacuum chamber just before the run 


was begun. A vacuum of 0.5 uw or less was maintained during the run 


* This work has been supported by grants from the John and Mary R. Markle 
Foundation and the Dazian Foundation for Medical Research. 
t Research physicist. 
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with a Megavac and an oil diffusion pump. The rotor was run at 1000 
revolutions per second, exerting a mean of 200,000 times gravity. The 
casein solutions were fractionated with the apparatus described by Hughes, 
Pickles, and Horsefall (5). 

Casein (Pfanstiehl, highest purity) was dissolved in either 0.2 y 
NaOH-H,0 or 0.2 n NaOH-0.9 per cent NaCl mixtures. The hydrogen 
ion concentration was measured with a glass electrode. Total nitrogen 
was determined by the micro-Kjeldahl procedure and was converted to 
protein by the factor 6.3. Calcium was determined in trichloroacetic acid 
filtrates according to the modified procedure of Halverson and Bergeim (6) 
as described by Peters and Van Slyke (7). The water concentration was 
determined in a large number of casein solutions of varying nitrogen con- 
centration after drying for 48 hours at 105°. These results were plotted 
and the equation H,O = 99.8 — 0.0021 N was calculated from the graph. 
This formula was used subsequently for estimating the percentage con- 
centration of water. 


Theoretical Considerations 


According to the work of McLean and Hastings, calcium proteinate 
(CaProt), in solution, behaves as a weak electrolyte whose dissociation, 
to a first approximation, can be expressed by the law of mass action 
[Ca**] X [Prot™] 


(1) [CaProt| 


McLean (8) subsequently pointed out that the assumption that protein 
behaves as a series of divalent ions is unnecessary, and that the equations 
may equally well be written, for example, 


_ 
(CaProt*] 


with 
[CaProt*] [Catt] + [Prot7]} 


Since it is impossible to determine protein ion concentration directly, 
protein ion concentration can be eliminated by substitution from 


(2) [Total Prot] = [Prot™] + [CaProt] 


which yields on rearrangement the equation 


[Total Prot] K 


To make use of the experimentally determined value of total protein in — 
gm. per 100 gm. of H,0, it is necessary to assume that 
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(4) (Total Prot] = f X total Prot 


where f is a constant factor converting protein as gm. per 100 gm. of HO 
to protein as moles per kilo of H2O, and is understood as the conversion 
factor at [Ca++] = «. The mass law then takes the form 


Total Prot 1 K 
6) (CaProt} (: a) 


which is essentially that given by Greenberg, Larson, and Tufts (9). 

The application of the law of mass action (Equation 5) depends on the 
knowledge of the value of the conversion factor f. While recognizing the 
weakness of their procedure, McLean and Hastings used factors obtained 
from the titration of protein with base in order to convert protein, in 
terms of gm., to moles. It is possible to determine f by an extrapolation 
from a range of finite and small concentrations of Ca++ to the conditions 
at Catt = «©, Therefore, a preliminary, but necessary, step in the deter- 
mination of f is an accurate determination of [Ca++] over as wide a range 
as possible. Both of these conditions have been fulfilled in the work 
here reported. 

The possible interpretations of Equation 5 are given as follows: 

When |Ca**] Is Constant—lIf the [Ca**] is constant in a set of solutions, 
it follows from Equation 5 that a linear relationship exists between [CaProt| 
and total protein and may be expressed as 


(6) CaProt = m X total protein 
where 

K total Prot 
a) f (1 ~ [CaProt] 
Assuming 
(8) [Total Ca] = [CaProt] + [Ca**] 


it follows from Equation 6 that: | 
(9) [Total Ca] = m X total protein + [Ca**] 


Thus, |Ca**] can be determined graphically as the intercept on the [total 
Ca} axis of a plot of Equation 9 where m is the slope of the same plot. 
When |Ca**| Is Not Constant—When |Ca**] is varied in a set of solu- 
tions, it follows from Equation 5 that a linear relationship exists between 
(total Prot)/[CaProt] = 1/m and 1/[Ca**]. In a plot of Equation 5 with 


variable [Ca++], K/f is the slope and 1/f the intercept of the line extrapo- 


lated to the 1/m axis; that is, f is determined for the condition [Cat*+] = «. 


In this way, the use of titration data has been avoided and any assump- 


tion as to valency made unnecessary. 
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The theoretical considerations have dealt with solutions containing 
ealcium salts and pure protein. In body fluids, it is known that diffusible 
calcium may exist in a dissociated and undissociated state. In such solv- 
tions Equations 8 and 9 can be generalized to 


(8, a) [Total Ca] = [CaProt] + [diffusible Ca] 
(9, a) [Total Ca] = m X total Prot + [diffusible Ca] 


where [diffusible Ca] = [Ca*t*] + [CaX] and [CaX] represents the con- 
centration of un-ionized diffusible Ca. These generalizations are valid 
because the presence of [CaX] cannot affect the equilibrium constant 
Keapro, 2nd the equations derived from the mass law. In the presence of 
[(CaX], the intercept in a plot of Equation 9, a would include both ionized 
and un-ionized Ca. By rearrangement of Equation 7, the equation 


(10) 


ean be used for determining [Ca**] from the slope m, if f and K are known. 

Dissociation of Calcium Caseinate—The data presented in graphic form in 
Fig. 1 represent a typical experiment in which a casein solution with added 
calcium chloride was centrifuged and fractionated into four equal portions. 
It is clear that there is a linear relationship between total calcium and total 
protein. It follows from this diagram that the intercept with the calcium 
axis is the [Ca**] or diffusible calcium of the solution studied. The slope 
of the line (m) determines the amount of bound calcium (CaProt). It is 
seen that the ultracentrifuge makes it possible to obtain a series of solutions 
whose calcium and protein concentrations vary markedly from the original. 
If Cat** is assumed to be constant in each fraction, it follows that Fig. 
1 represents a plot of Equation 9, which is an expression of the law of mass 
action. 

Two series of casein solutions dissolved in NaOQH-NaCl and NaOH-H,0, 
respectively, of constant protein and varying CaCl, concentrations were 
centrifuged, fractionated, and the fractions analyzed for calcium and pro- 
tein. These data are plotted and analyzed in Fig. 2 and Table I. Owing 
to the insolubility of caletum caseinate, the ability to increase the calcium 
ion concentration is limited. These experiments make it possible to 
determine the dissociation constant of calcium caseinate and to obtain 
the factor f for converting casein from gm. to mM. 

If a plot is made for 1/m against 1/[Ca**] (Fig. 3) according to the pro- 
cedure used by Greenberg, Larson, and Tufts (9) in which Equation 7 
is used, linear relationships are obtained for the two solutions. No 
explanation can be given for the deviation from linearity in the aqueous 
solution of lowest Ca*t*+ concentration, a phenomenon noted in repeated 
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TOTAL CALCIUM MM. PER KG. Ho0 
| 


CASEIN GMS. PER 100 GMS. 


Fic. 1. A typical plot of values for a casein-CaCl, solution centrifuged at 1000 
revolutions per second for 2 hours. @ represents four fractions of the ultracentri- 
fuged solution and O represents the values for the original solution. The slope of 
the line is designated by m, and the intercept at the calcium axis is assumed to be 
the calcium ion concentration. 
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Fic. 2. The effect of varying the calcium concentrations of casein dissolved in 
0.9 per cent NaCl and aqueous solutions (pH 7.2). The saline solutions were cen- 
trifuged at 1000 revolutions per second for 5 hours, and the top fraction and original 
analyzed. The aqueous solutions were centrifuged for the same time and divided 
into two portions for analysis. 
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TABLE [ 


Effect of Varying Total Calcium Concentration of Casein Solutions (4.0 Gm. 
per 100 Gm. of HO) 


| mm per kg. ma per kg. HxO0 | 
NaQH-NaCl 5.3 : 0.7 | 0.57 
| 4.6 1.2 | 0.81 
| 5.7 | 1.6 | 1.00 
| 7.7 | 2.2 | 1.35 
| 9.2 | 2.7 | 1.58 
| 10.0 | 3.0 | 1.67 
| 11.9 3.9 | 1.94 
| 13.6 4.4 2.22 
| 15.1 5.4 2.28 
15.3 5.8 2.28 
18.0 7.2 2.62 
NaQH-H,0 3.3 0.7 0.66 
| 7.0 1.1 1.37 
| 8.8 1.4 1.70 
| 11.5 2.4 2.13 
| 13.6 3.2 2.46 


1.47 
£2, + 0.25 


Fic. 3. A plot of values for the reciprocals of the values for the slopes (m) and the 
calcium ion concentrations of the data in Fig. 2. 


| 
| 0 
1 
| | @ 
0! 
0). 
| 2. 
| ol 
ho 
1 
M 
| 16 
1.4 
| ca 
LO 
Ce 
ar 
6 -~ 
| 
: 
4 
2 
use 
| 0.7 
| 
pre 
the 


he 


CHANUTIN, LUDEWIG, AND MASKET 743 


experiments. The increased ionic strength due to the presence of NaCl 
obviously increases the dissociation of calcium caseinate, as is shown by 
the values of 1.08 and 0.47 for the respective slopes for the saline and water 
solutions in Fig. 3. The intercept on the 1/m axis represents the reciprocal 
of the factor f. Since both lines have the same intercept (0.25) at the 
1/m axis, it must be concluded that only at infinite concentrations of 
ealcium ion will protein exert its maximum combining power in aqueous 
or saline solutions. 

Since A = f X K/f, it follows that Aeacasein in HeO equals 4.0 X 
0.47 = 1.88 and Aeacasein IN Saline equals 4.0 XK 1.08 = 4.32, or pK equals 
2.73 and 2.36, respectively.! 

Using the factor f of Pertzoff and Carpenter (10), McLean and Hastings 
obtained the pKeacasein Of 2.38 with the frog heart procedure. If the 
value of f obtained in the present experiment was used, the pK for calcium 


TaBLeE II 

Effect of Varying Casein (Dissolved in NaOH-H,O) Concentration on pKCaCasein 
All solutions were at pH 7.22; centrifuged at 1000 revolutions per second for 2} 
hours and fractionated into four portions. 


Total protein Total Ca | Ca** Slope (m) =. 
gm. per 100 gm. H2O ma per ke. HO mM perke. 
2.2 6.0 om 1.94 2.75 
2.6 5.9 | 1.2 1.76 | 2.81 
3.1 6.0 1.2 1.65 | 2.77 
4.2 6.0 0.6 1.30 | 2.90 
0.5 0.95 | 2.80 


6.0 | 5.8 


caseinate approximated the value of 2.23 which was found by Weir and 
Hastings (11) after equilibration studies. 

Ionization of Calcium Caseinate in Presence of Varying Quantities of 
Casein—From the theoretical considerations presented, the pK eacasein 
should not vary with the protein concentration. In Table II the data 
are summarized for a series of solutions in which the calcium and hydrogen 
ion concentrations are kept constant and the protein concentration 
is varied. The plot of the calcium and protein values shows a linear 


1 The calculation of a pK value for a single centrifuged solution depends on the 
use of Equation 10 in the form K = Cat* ((f/m) — 1). For example, if [Ca**] = 
0.7 and m = 0.57, K = 0.7 ((4.0/0.57) — 1) K 107° = 4.2 K 1073, pK = 3 — logis 4.2 
= 2.38. The values for f and m throughout the paper are given for 10 gm. of 
protein, since protein is expressed in gm. per 100 gm. of H,O, while Ca is expressed 
in mm per kilo of H.O. In order to convert calcium to moles, it is necessary to use 
the factor 107°. 
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relationship for the respective solutions and the [Ca*t*] are obtained from 
the intercepts at the Ca axis. The values for pK eacasein IN these experi- 
ments are consistently uniform and are not affected by large or small 
concentrations of protein. 


Lonization of Calcium Caseinate in Presence of Varying Quantities of 


Sodium Chloride—The effect of varying the ionic strength on the [Ca++] 


Taste III 


Effect of Varying Sodium Chloride Concentration of Calcium Caseinate Solutions on Ca** 
and PK CaCasein 
All solutions were at pH 7.2; centrifuged at 1000 revolutions per second, for 2} 
hours and divided into two fractions. The total protein was 3.7 gm. per 100 gm. of 
H,O and the total Ca 5.2 mM per kilo of H,O. 


NaCl Slope (m) Casein 
gm. per cent mm per kg. HO 
0.0 1.5 1.08 2.39 
0.3 1.6 1.00 2.32 
0.6 1.6 1.00 2.32 
0.9 2.3 0.80 2.04 
1.2 2.4 0.75 1.98 
1.5 2.4 0.75 1.98 


TaBLe IV 

Results after Dilution of Calcium Caseinate Solution with 0.9 Per Cent NaCl 
Each sample was centrifuged at 1000 revolutions per second and fractionated into 
four portions; the first four solutions were centrifuged 2 hours and the last for I} 
hours; all pH values at 7.2. 


Fraction No. ‘Total protein Total Ca | Ca** Slope (m) PRs Casein 


per 100 8m. mse per kg. 1:0 | per he. 


1 (Original) = 3.96 1.5 0.95 2.32 
2 3.50 0.88 2.25 
3 0.89 2.31 
4 2.00 2.34 
5 1.23 1.66 | 0.8 | 


0.60 2.34 


and the pK eacasei, IS Shown in Table III. To aliquots of a stock solution 
of casein and CaCl, dissolved in NaQH-H.O, sodium chloride was added 
in varying quantities. No change in the values of Ca*t+, m, and pK 
are observed in the first three solutions containing 0, 0.3, and 0.6 per 
eent sodium chloride. Further increases in ionic strength yield greater 
(Ca**+] and smaller pK eacasein Values. The results are identical for the 
solutions containing 0.9, 1.2, and 1.5 per cent NaCl. 
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The pKeacasein for the aqueous solution is 2.39, which is smaller than 
similar determinations obtained in previous experiments. This incon- 
sistency is probably due to the lack of uniformity in the different batches 
of casein purchased. It was noted that the time of centrifugation necessary 
to obtain a small pellet and an appreciable concentration of casein in the 
bottom of the tube varied considerably with different batches. Neverthe- 
less the relative changes are reliable, since the same casein solution was 
used in this experiment. 

Effect of Dilution of Calcium Caseinate Solutions upon Ionization of Cal- 
cium—Table IV shows an excellent degree of constancy for PK eacasein 


TOTAL CALCIUM —— MM PER KG H,0 


CASEIN—GMS. PER 100 GMS. H,0 
Fic. 4. Casein solution, adjusted to different pH values, centrifuged for 2, 4, and 
6 hours. The top and bottom fractions were analyzed after 2 hours centrifugation 


and the top third was analyzed for the 4 and 6 hour samples. Curve 1, pH 7.48, m 
1.3, Cat 0.7; Curve 2, pH 7.0, m 1.28, Ca** 0.7; Curve 3, pH 6. 52, m 1. 18, Catt 1.0; 


Curve 4, pH 6. 05, m 1.08, Catt 1.5. 


as determined with a calcium caseinate solution after varying dilutions. 
Sufficient 0.9 per cent NaCl was added to approximate dilutions of 90, 70, 
50, and 30 per cent of the original solution, thus avoiding any change in 
ionic strength in the respective solutions. These experiments in which 
the total protein and total calcium are varied proportionately present 
further evidence for the validity of the mass law as applied to calcium 
caseinate solutions. It should be noted that dilution of calcium caseinate 
cannot be considered as an inverse process to centrifugation despite the 
maintenance of a proportional decrease in the concentrations of total 
protein and total calcium because the [Ca*t*] and the ratio [CaProt]/ 
total Prot vary. 7 
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Effect of Time of Centrifugation—These experiments (Fig. 4) were per- 
performed to determine whether different periods of centrifugation affected 
the ratio [CaProt]/total Prot in calcium caseinate solutions (3.8 gm. of 
protein per 100 gm. of HeO and 5.9 mm of Ca per kilo of H2O) of different 
hydrogen ion concentrations. Since a linear relationship exists between 
all fractions of the solutions of identical pH, it follows that the ratio remains 
constant and from Equation 9 the [Ca**] must also be constant. Hence it 
can be concluded that the time of centrifugation does not affect the nature 
of the equilibrium between calcium and casein. 

Effect of pH on Ionization of Calcium Caseinate—A stock solution of 
calcium caseinate (NaQH-H.O) with protein and calcium concentrations 
of 4.1 gm. per 100 gm. of HO and 5.6 mm per kilo of H2O, respectively, 
was prepared. Aliquots of this solution were adjusted to different hydro- 
gen ion concentrations by means of a few drops of strong NaOH or HCl. 
All these solutions were centrifuged for 2} hours and fractionated into six 
equal portions. The results are shown in graphic form in Fig. 5. 

The [Ca**] remains constant at about 1.8 mM over a wide range varying 
from pH 6.58 to 8.5. The highest and the lowest Cat* are obtained at 
5.9 and 8.97, respectively. All of the solutions mentioned above exhibit 
linear relationships. The calcium caseinate solutions with pH values of 
9.1 or greater deviate from linearity. Extrapolation of such lines would 
have no significance or justification. 

Since all casein solutions were centrifuged the same length of time and 
were fractionated in the same manner, it is significant that the protein 
concentrations in the respective fractions vary in a definite pattern with 
changes in pH. It is clear that increased alkalinity affects the sedimenta- 
tion of the casein molecule. The solution at pH 10.1 shows this phenom- 
enon strikingly and exhibits a marked curvature of the plot of the 
different fractions. Evidence is presented to show that the effect is revers- 
ible to a great extent in the experiment in which a calcium-casein solution, 
kept at pH 10.1 in a cold room overnight, was adjusted to pH 7.4 shortly 
before centrifugation. Sedimentation of protein greatly increased, and 
the curvature which is markedly decreased approaches but does not quite 
attain linearity. No studies were carried out to determine whether these 
changes are associated with racemization or denaturation or both. 

The effect of pH on the ionization of calcium in protein-containing so- 
lutions has been studied by a variety of methods which has resulted in dif- 
ferences of findings and interpretations. Ultrafiltration studies (12-14) in- 
dicate that the diffusible calcium increases with decreased pH. By means 
of equilibration studies, Weir and Hastings (11) found that the [Ca**] de- 
creased when the pH increased in casein solutions. Using the frog heart 
method, McLean and Hastings were unable to demonstrate any change 
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in [Ca++] with change in pH. In most of these experiments the pH 
range was limited. 

According to the modern theory, the protein molecule may be in an 
electrically neutral (zwitter ion), negatively charged, or positively charged 


PH -10.1-*7.4 


TOTAL CALCIUM MM.PER KG. 


— A 


' 3 4 6 7 8 9 10 
TOTAL PROTEIN—GM. PER |OOGM. HO 


Fic. 5. A graph of calcium caseinate solutions at different hydrogen ion concen- 
trations. 


state, usually represented by the three respective formulae COO~-R-N Hs", 
COO--R-NHe, or COOH-R-NH;*. The concentration of charged mole- 
cules depends on the pH of the solution in relation to the isoelectric point. 
McLean? has evidence to show that calcium combines with the protein ion 
and the zwitter ion on the alkaline side of the isolectric point. He assumes 


2 McLean, F. C., personal communication. 
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that the total number of COO~ groups is constant and therefore f should 
remain constant within limited pH ranges. In their discussion of the 
ionization of calcium proteinate, McLean and Hastings cite evidence 
(15, 16) to show that calcium combines with protein on the acid side of 
the isoelectric point. If it is assumed that calcium reacts with the COO- 
groups of the zwitter ions and is indifferent to the positive charge, it is 
possible to explain the preceding observation. 


TABLE V 
Effect of Changing pH on Dissociation of Calcium Caseinate (NaOH-H,O) 

The total calcium and total protein concentrations were 5.95 mM per kilo of H,O 
and 4.0 gm. per 100 gm. of H.O, respectively; the solutions were centrifuged for 2.5 
hours at 1000 revolutions per second, and fractionated into four equal portions. 

f = 4.0. 


pH | Ca Slope (m) PKC, Casein* 


mM per ke. 


7.30 1.0 1.40 2.72 
7.17 1.0 1.25 2.67 
6.98 1.0 1.36 2.71 
6.85 1.0 1.32 2.69 
6.80 1.0 1.30 2.68 
6.77 1.0 1.28 2.67 
6.68 1.0 1.30 2.68 
6.60 1.0 1.28 2.67 
6.48 1.0 1.30 2.68 
6.41 1.0 1.27 2.66 
6.30 1.0 1.25 2.67 
6.21 1.4 1.17 2.47 
6.08 1.6 1.18 2.42 
5.98 1.6 1.17 2.41 
5.94 1.6 1.13 2.40 


* Calculated from K = Ca** ((f/m) — 1). 


A group of calcium caseinate (NaQH-H,O) solutions was prepared in 
which the pH was varied in short intervals (Table V). The values for 
(Cat+],3 m, and pK eacasein are Constant for eleven solutions showing slight 
variations in pH between 7.3 and 6.3. The change from 6.3 to 6.21 results 
in an abrupt increase in [Ca**]. In view of the discussion concerning 
factor f, it is assumed that variations in the [Ca**] and m are to be attrib- 
uted to a change in the value of AK. In those solutions in which the 
[Ca++] is greater than 1.0 mm, there is a decrease in the value of pK Eacasein. 


3 Despite the almost identical original values for the protein and calcium in the 
two solutions of Fig. 5 and Table V, the respective calcium ion concentrations show 
marked differences. This is probably due to the fact that two different batches of 
casein were used. 
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Effect of Citrate on Diffusible Caleium—Varying amounts of sodium 
citrate were added to calcium caseinate solutions (NaQH-H,O) whose 
protein and calcium concentrations were 3.96 gm. per 100 gm. of H,O 


TOTAL CALCIUM MM PER KG. H,0 
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Kia. 6. Plots of ultracentrifuged casein solutions with constant total ecaleium and 
varying citrate concentrations. The figures at the intercept represent total diffusible 
ealeium and the figures at the end of the lines show the concentrations of citrate in 
terms of m™ per liter. 


TABLE VI 
Dissociation of Calcium Citrate in Solutions of Calcium Caseinate to Which Varying 
Amounts of Citrate Were Added 


All solutions were maintained at pH 7.0. All concentrations are expressed in 
terms of mm per kilo of H,O. The values for f = 4.0 and K = 1.67 are assumed. 


Intercept = | Slope | | Cac | Total | | | 

ble Ca f—m (4) 

(1) (2) 3) “ (5) (6) | (7) (8) 
0.7 0.7 0 0 

1.2 1.05 0.595 0.605 0.96 0.355 0.34 3.47 
1.4 0.98 0.54 O.S6 1.90 1.04 0.65 3.19 
4:13 O.S5 0.45 1.65 3.82 2.17 0.59 3.23 
| 0.74 0.38 2.84 5.72 3.40 0.56 3.25 
3.3 0.57 0.28 2.92 0.64 3.19 


9.60 6.68 


and 5.4 mmo per kilo of H2O, respectively. It is seen that the values of the 
intercepts at the calcium axis become larger with increasing concentrations 
of citrate (Fig. 6). It is clear that these values must represent calcium 
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ions and calcium bound to citrate. In the original solution, 13 per cent 
of the total calcium is in the ionized form. The maximum value for the 
total diffusible calcium obtained after the addition of 10 mm of sodium 
citrate per liter represents 59 per cent of the total calcium. The values 
for m decrease from an original value of 1.18 to 0.57 and represent pro- 
gressively lowered amounts of calcium bound to casein. 

The data in Table VI are derived from a consideration of the mass law 
relationships for calcium caseinate and calcium citrate. The [Ca++] 
for the casein solutions is determined in the presence of undissociated 
calcium citrate with the aid of Equation 10. The values for f and K, 
determined in pure calcium caseinate solutions, are used. With the aid 
of the calculated [Cat*], it is possible to determine the pKegci- according 
to the procedure shown in Table VI. There is a very close agreement 
between the values in Column 8 and the value of 3.22 for pKe,c;,- found 
by Hastings, McLean, and associates (17) with the frog heart. In view of 
the agreement of the results here described with those obtained for solu- 
tions of CaCle and Na;Cit with the frog heart method, additional evidence 
is given for the validity of the latter method. 


SUMMARY 


1. A study has been made of the partition of calcium and protein in 
solutions of calcium caseinate after ultracentrifugation. The results have 
been interpreted by assuming that the diffusible calcium remains evenly 
distributed through the fluid phase, while the calcium associated with casein 
is sedimented with the protein. 

2. Confirming and extending the results of others, we find that the 
relationship between calcium and protein, in solution, can be expressed, 
with a high degree of accuracy, by the law of mass action, in a form which 
vields the dissociation constant of calcium caseinate. This constant is 
independent of the concentration of protein or of calcium, and is not af- 
fected by diluting solutions of calcium caseinate. It varies with different 
preparations of casein. 

3. Addition of sodium chloride to solutions containing calcium and casein 
increases the dissociation constant, presumably as a function of ionic 
strength. This relationship has not been studied quantitatively. 

4. The calecium-combining power of casein, at [Ca**] = x, has been 
determined by extrapolation from data over a wide range of [Ca**]. 
For the samples of casein examined the factor for converting gm. of protein 
to mM, in terms of maximum calcium-combining power, was found to 
be 0.40. 

5. Contrary to the findings of many investigators, neither the caleium- 
combining power of casein nor the dissociation constant of calcium caseinate 
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is affected by changes in hydrogen ion concentration within a range of pH 
6.3 to 8.5. This is in accord with the hypothesis that calcium combines 
with the zwitter ion COO--R-NH,* as well as with the protein ion COO-- 
R:-NHe. Below pH 6.3 a change in the equilibrium occurs, interpreted as 
a reduction in the value of pK ¢acasein. Above pH 8.5 the relationships 
are no longer linear. 


6. When citrate is added to solutions containing calcium and casein, 


the diffusible calcium increases and [Ca**] decreases, as predicted from the 
dissociation constant of calcium citrate. This is additional evidence for 
the reliability of the methods employed, and for the applicability of the 
law of mass action to the relationships between calcium, protein, and 
citrate. 
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STUDIES ON THE CALCIUM-PROTEIN RELATIONSHIP WITH 
THE AID OF THE ULTRACENTRIFUGE* 


II. OBSERVATIONS ON SERUM 
By STEPHAN LUDEWIG, ALFRED CHANUTIN, anv A. V. MASKETT 


(From the Biochemical Laboratory, University of Virginia, University) 


(Received for publication, February 11, 1942) 


In Paper I, calcium and casein were found tq have a quantitative re- 
lationship which could be explained by the law of mass action. McLean 
and Hastings (1) concluded that calcium proteinate of blood serum behaves 
as a weak electrolyte whose dissociation, as a first approximation, follows 
the law of mass action. ‘The present communication reports the results 
of an investigation of the calcium-protein relationship in serum, with the 
aid of the ultracentrifuge. 


Methods 


The ultracentrifuge has been described (2, 3). Serum was obtained 
from the blood of hospitalized patients and from normal horses.' Total 
nitrogen was determined by the micro-Kjeldahl procedure and was con- 
verted by the factor 6.8. Albumin and globulin were partitioned with 22 
per cent Na,SO,. Non-protein nitrogen was determined by the Kjeldahl 
method or by nesslerization after precipitation of the protein with tri- 
chloroacetic acid. Total solids were determined in a large number of 
original and centrifuged samples of serum after drying for 48 hours at 105°. 
These results were plotted against protein nitrogen and the equation 
98 — 0.56 N was used subsequently for determining the percentage concen- 
tration of water. The pH of the sera was determined in many cases with 
the glass electrode but no attempt was made to adjust the reaction before 
centrifuging. Calcium was determined in trichloroacetic acid filtrates 
as described by Peters and Van Slyke (4). The symbols used are described 
in Paper I and are similar to those used by McLean and Hastings (1). 

Distribution of Calcium and Protein of Serum after Centrifugation—The 
concentrations of protein and calcium in nine equally divided fractions of 
an ultracentrifuged human serum are shown in Fig. 1. The ultracentrifuge 
provides a method for obtaining a series of solutions from a single serum 
for a study of the distribution of calcium and protein. 


* This work has been supported by grants from the John and Mary R. Markle 
Foundation and the Dazian Foundation for Medical Research. 

t Research physicist. 

1 Horse serum was kindly furnished by the Lederle Laboratories, Inc. 
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Relationship of Calcium and Protein in Serum—aA graphic presentation 
of the calcium and protein distribution of six centrifuged sera obtained 
from hypertensive patients is shown in Fig. 2. The graphs obtained con- 
sist of at least two substantially linear segments whose points of inter- 
section vary in respect to the protein concentration. The broken lines 
serve to indicate the extent to which segments of the graphs differ in slope. 

The individual and mean concentrations for diffusible calcium are in- 
dicated in Fig. 2. The assumption is made that the intercept on the Ca 
axis expresses the values for ionized plus diffusible non-ionized calcium. 
These values vary from 1.6 to 1.9 mo of calcium per kilo of HO, with a mean 
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Fic. 1. Distribution of protein and calcium in nine fractions of an ultracentrifuged 
serum. 


value of 1.75. This range is considerably higher than calcium ion con- 
centrations determined by McLean and Hastings (1) who found the ex- 
tremes to be 1.10 to 1.40 mm with a mean of 1.25mmM. The difference of 
0.5 mm in the mean values of calcium as determined by the ultracentrifuge 
and by the frog heart technique may be found to represent non-ionizable 
diffusible calcium. 

On the basis of their calculations and determinations, McLean and 
Hastings used a nomogram for estimating the Ca ion from total calcium 
and total protein. The [Ca**] for six samples of serum (Fig. 2) was cal- 
culated by means of the McLean-Hastings nomogram and compared with 
the total diffusible calcium (Table I). The discrepancies in Columns 3 
and 4 would indicate that appreciable amounts of non-ionized diffusible 
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Fic. 2. Serum of six hypertensive patients (represen ted by the initials HA, etc.) 
centrifuged for 44 hours at 1000 revolutions per second. The broken lines indicate 
the extent to which segments differ in slope. The @ represents centrifuged frac- 
tions and © represents the original sera. 


TABLE I 


Comparison of [Ca**| in Serum Computed from McLean-Hastings Nomogram and Total 
Diffusible Calcium Determined with Ultracentrifuge 


| Cat+ from Total diffusible 
Patient Total protein Total Ca McLean-Hastings Ca (ultra- Difference 

| nomogram centrifuge) (4) — (3) 

| (1) (2) (3) (4) 

| per ke. mu per kg. H:0 | me per kg. mu per kg. H:0 
HA | 7.90 2.88 1.16 1.70 0.54 
SH 8.50 | 3.12 1.42 1.60 0.18 
LE 8.70 . 3.22 1.25 1.80 0.55 
PE 7.75 2.76 1.13 1.80 0.67 
WH | 7.85 3.14 1.29 1.90 0.61 
SA | 7.35 3.12 1.36 1.85 0.49 
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calcium are present in these sera. Similar discrepancies were noted in 
another group of eighteen sera. Since the McLean-Hastings formulation 
does not take the relatively large amount of non-ionized calcium into con- 
sideration, it is obvious that calculation of the ionization constant of 
calcium proteinate (pKe.prot) by this method cannot always be correct. 

The regression equation for the mean of the data in Fig. 2 is given by 
[total Ca] = 0.15 Prot + 1.76. In a series of eighteen cases, which 
comprised a variety of diseases, the sera were centrifuged with a less 
efficient rotor and the data were plotted. The range of the calcium and 
protein concentrations was not marked and it was necessary to extrapolate 
an appreciable portion of the curve. In this set the mean regression equa- 
tion was [total Ca] = 0.17 Prot + 1.5. The mean regression equation 
compiled from the data in the literature by McLean and Hasting is [total 
Ca] = 0.188 Prot + 1.4. 

Those equations obtained by collection of data for calcium and protein 
in the sera of a large number of patients are rough approximations of the 
true values, since there are wide variations and it is impossible to obtain 
samples which could be plotted close to the calcium axis. It follows that 
the ionization constants for calcium proteinate obtained by this method are 
probably not correct. 

The original values for calcium and protein do not fall on the lines of the 
plots (Fig. 2) obtained from the centrifuged fractions. An explanation for 
these deviations from the respective graphs is not clear. At present the 
abrupt changes in slopes cannot be correlated with any other known factors. 
There appears to be an apparent linear relationship between calcium and 
protein within the physiological range, which is represented by the initial 
portion of the curve. 

Albumin-Globulin Ratio and Calcitum-Protein Relationship —The albumin- 
globulin ratios and the graphs for the calcium-protein relationship in the 
ultracentrifuged fractions of four sera are shown in Fig. 3. The spread of 
the protein values is not particularly marked because the rotor used was an 
earlier, less efficient model. It is generally recognized that the albumin- 
globulin ratio obtained by salting-out procedures is not a true indication 
for the distribution of serum proteins, particularly as related to the globu- 
lins. The albumin-globulin ratios determined for the respective fractions 
show marked variations, because the absolute amount of protein is changed 
and the heavier globulin molecules sediment more rapidly. These sera 
are typical of the many studied in having individual distribution patterns 
for albumin and globulin. The distribution of the proteins as shown in 
Fig. 3 yields little information on the inclination of the line or the discon- 
tinuity of the slope. This study would probably be more fruitful if the 
distribution of protein fractions were made by the electrophoretic pro- 
cedure. 
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TOTAL CALCIUM — MM. PER KG. H90 


TOTAL PROTEIN — GMS. PER 100 GMS. H90 


Fic. 3. Graphs showing the albumin-globulin concentrations and values of frac- 
tionated serum. The solid boxes represent globulin; the clear ones, albumin. The 
Symbols have the same significance as in Fig. 2. 
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TOTAL CALCIUM — MM. PER KG. H20 


TOTAL PROTEIN — GMS. PER 100 GMS. Ho0 


Fic. 4. Albumin-globulin fractions obtained after recentrifugation of serum. The 
figures on the curves represent fraction numbers. The solid boxes represent globulin; 
the clear boxes, albumin. The symbols have the same significance as in Fig. 2. 
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Studies on Recentrifuged Fractions—Normal horse serum was centrifuged 
and divided into five fractions; each of these fractions was centrifuged and 
again fractionated into five portions. The data for the centrifuged original 
serum and its fractions are presented in Fig. 4. 

The points of intercept with the calcium axis for the original and the five 
fractions are 2.2, 1.9, 2.2, 2.1, 2.3, and 2.2 mm of calcium per kilo of H,0, 
respectively. This would indicate that the diffusible calcium is uniformly 
distributed and is not affected by the protein concentration. The values 
for all the slopes with the exception of Fraction 1 are fairly constant. 
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Fic. 5. Effect of addition of 1, 2, 3, and 4 mm of sodium citrate to the centrifuged 
fractions of horse serum. The symbols have the same significance as in Fig. 2. 


There is a definite discontinuity in the slope only in the original serum. 
To be certain that small differences in the values of the intercepts were not 
real, another sample of horse serum was centrifuged and the fractions 
recentrifuged. The results of this experiment were as follows: original 
serum and Fractions 1 to 4 had values of 2.5, 2.4, 2.5, 2.5, and 2.4 mm 
of calcium per kilo of HO, respectively. These experiments appear 
to confirm the assumption that the intercept at the calcium axis represents 
diffusible calcium which remains constant in all fractions. It is difficult to 
correlate the data in this figure with the albumin-globulin ratios or with 
the respective protein fractions. 
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Effect of Sodium Citrate on Diffusible Calcium—The addition to human 
serum of sodium citrate in concentrations of 1, 2, 3, and 4 mm per liter 
causes a slight but definite increase in the concentration of diffusible cal- 
cium (Fig. 5). A similar experiment with horse serum showed this same 
result. The position of the points at which there is a discontinuity in the 
slope is influenced by the amount of citrate added. It is probable that 
further additions of sodium citrate would cause appreciable increases in 
the diffusible calcium. According to Shelling and Maslow (5), the addition 
of extremely large amounts of citrate to serum causes nearly 100 per cent 
of the calcium to become ultrafiltrable. 

Effect of pH upon Diffusible Calcium in Serum—Aliquots of a single 
sample of human serum were adjusted to varying hydrogen ion concen- 
trations with small amounts of NaOH and HCl and were centrifuged for 7 


TaBLeE II 
Effect of pH on Diffusible Calcium of Serum 
pH | Serum 1. Diffusible Ca | pH | Serum 2. Diffusible Ca 
| 
mu per kg. H:0 per cent of total ma perkg. per cent of total 

7.1 1.78 6.6 1.58 53.5 
7.2 1.75 51.4 7.0 1.58 53.5 
7.3 1.60 47.0 7.3 1.58 53.5 
7.4 1.62 47.6 7.5 1.42 48.0 
7.6 1.52 44.6 7.7 1.30 44.0 
7.8 1.52 44.6 7.85 1.23 41.5 

8.1 1.23 41.5 


hours at 1000 revolutions per second. The top fractions of these sera 
were free or contained only a slight trace of protein (tested with trichloro- 
acetic acid) and their values for calcium were taken to represent diffusible 
calcium. 

The results of two typical experiments are shown in Table II. There 
is a definite decrease in the diffusible calcium with increased pH. It is 
important to note that these changes are not uniform but proceed in an 
irregular stepwise manner. Furthermore, there is no definite pH at which 
one can predict a sudden change in the concentration of diffusible calcium 
in different sera. Similar changes were noted but not commented upon by 
Smith (6) in ultrafiltrates of serum. The changes noted in diffusible cal- 
cium of serum at different hydrogen ion concentrations confirm the findings 
of other investigators (6-8). The frequent stepwise changes noted for 
serum with small differences in pH stand out in contrast to the constancy 
in diffusible calcium over a wide range of hydrogen ion concentration in 
calcium caseinate solutions. 
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DISCUSSION 


In solutions of a single protein (2), calcium and casein bear a relationship 
to each another which follows the law of mass action. On the other hand, 
the data for blood serum obtained in these experiments cannot be explained 
satisfactorily by a single assumption of a protein-calcium equilibrium. 
This does not deny the validity of the mass law for the caleium-protein 
relationship but stresses the inability to evaluate properly data obtained in 
a complex system. 

On the basis of their findings, McLean and Hastings presented a formu- 
lation from which the calcium ion concentration of serum could be eal- 
culated from total protein and total calcium. They assumed that practi- 
cally all the diffusible caleium was in the ionized state, a single pK caprot, 
and a constant albumin-globulin ratio. However, they pointed out the 
possibility of the presence of small amounts of citrate-like materials in 
serum. A comparison of the total diffusible Ca concentration obtained 
with the ultracentrifuge and the calcium ion concentration calculated with 
the McLean-Hastings nomogram showed differences between 10 and 40 
per cent. These discrepancies may be explained by the work of Drinker, 
Green, and Hastings (9) who found that the dissociation constants of the 
different globulin fractions of serum are different and by the observation 
that the proteins of normal and pathological sera varied greatly (10, 11). 
In addition, the factors affecting the concentration of citrate-like materials 
in serum are not fully appreciated. 

Calcium-combining powers of serum proteins have been presented by 
numerous workers (1, 9, 12) and in each case these values differ. Even 
under the best circumstances, it is improbable that the properties are 
identical with those occurring in the native state. Therefore, values for 
ealcium-combining properties are probably rough approximations at best. 

It has been shown in this work that there are marked variations in the 
albumin and globulin concentrations of the respective centrifuged fractions 
of a single serum. Despite these variations, the calcium and protein con- 
centrations exhibit a substantially linear relationship over a limited range. 
If it is assumed that the serum proteins exert their respective calcium- 
combining properties, it would be impossible to obtain the relationship 
observed. It must follow, therefore, that albumin and globulins in serum 
react substantially alike to calcium, as a first approximation, over a limited 
range of calcium and protein concentrations. 

No explanation could be found for the discontinuities in the slopes 
when the protein concentration is increased. An exception to this is seen 
in the graphs for recentrifuged fractions shown in Fig. 4. Although there 
are marked variations in the concentration of protein and in the distribution 
of albumin and globulin, the slopes appear to be linear. 
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SUMMARY 


The relation of total calcium to total protein in horse and pathological 
human sera was studied with the aid of the ultracentrifuge. Discontinui- 
ties in the slopes of graphs representing the calcium and protein concen- 
trations were observed in the majority of the centrifuged sera. 

Evidence is presented to show that the total diffusible calcium remains 
constant in all centrifuged fractions of a single serum. 

A study has been made of the McLean-Hastings procedure of applying 
a single mass law equation to the total calcium and total protein concen- 
trations of serum for the determination of the calcium ion concentration. 
This method does not appear to be reliable and the possible reasons for 
this are discussed. 

Sodium citrate increased the diffusible calcium and decreased the calcium 


bound to protein. : 
A gradual rise in pH caused an irregular fall in the concentration of 


diffusible calcium. 
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STUDIES ON THE CALCIUM-PROTEIN RELATIONSHIP WITH 
THE AID OF THE ULTRACENTRIFUGE* 


Ill. INFLUENCE OF AUGMENTATION OF SERUM WITH CALCIUM 
AND PHOSPHATE SALTS 


By A. V. MASKET, ALFRED CHANUTIN, anno STEPHAN LUDEWIG 


(From the Biochemical Laboratory, University of Virginia, University) 
(Received for publication, February 11, 1942) 


Since the calcium-protein relationship for a purified protein is adequately 
described by the law of mass action (1), it follows that the inconsistencies 
between the total calcium and total protein for sera (2) probably represent 
the cumulative effect of a number of variables. The present report 
deals with some of these variables as follows: the effect of excessive amounts 
of CaCl, on the calcium-protein relationship, and the effect of excessive 
amounts of calcium and phosphorus on the calcium-phosphorus-protein 
relationship in serum. 

There is evidence in the literature to show that the addition of excessive 
amounts of calcium or phosphorus to serum results in the formation of 
compounds of a colloidal nature whose exact composition is unknown. 
Such complexes must affect the concentration of ionized calcium and 
therefore the calcium-protein relationship. 

The ultracentrifuge and the methods for determining nitrogen and cal- 
cium have been described (1). Phosphorus was determined on trichloro- 
acetic acid filtrates by the Fiske and Subbarow method (3) as adapted to 
the photoelectric colorimeter.' The pH was adjusted to the original value 
of the serum (about 7.8) after either NasHPO, or CaCl, was added. The 
pellet that usually formed after the addition of salts was not analyzed, 
thus representing a loss of protein, calcium, or phosphorus. 

Calcium and Protein Distribution in Serum after Augmentation with Cal- 
clum—Varying amounts of CaCl. were added to aliquots of stock human 
and horse serum, respectively. Graphs showing the calcium-protein 
relationships for the respective sera are presented in Figs. l and 2. The 
results are plotted as broken line graphs, since no linear relationship could 
be established. The general slope of the lines increases with the increased 
calcium concentration in a manner noted for calcium-casein solutions (1). 
The graphs obtained represent the combined effects of at least three 


* This work has been supported by grants from the John and Mary R. Markle 
Foundation and the Dazian Foundation for Medical Research. 
! Evelyn photoelectric colorimeter, Notes on operation, Rubicon Company, Phila- 
delphia (1939). 
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factors; namely, the distribution of the individual serum proteins, the 
differences in their respective dissociation constants, and the sedimenta- 
tion of calcium compounds not associated with protein. 

Greenberg and Larson (4) determined the dissociation constant of cal- 
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Fic. 1. A graph of the calcium and protein concentrations of a single sample of 
horse serum augmented with varying quantities of Ca( ‘le. The @ represents values 
for the centrifuged fractions and the O for the original serum. 


cium proteinate and the maximal calcium-combining power of protein 
by assuming that the law of mass action was applicable to the ealeium 
and protein of serum. T hese workers combined the data for beef, dog, 
and human sera for obtaining their results. To test the validity of the 
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the | Greenberg-Larson procedure for serum, the data from Figs. 1 and 2 were 

nta- used. If the intercept is assumed to represent the [Ca**], the amount of 

bound calcium is readily determined from the total calcium value of the 

cal- original serum. Plotting the reciprocal of calcium bound per 10 gm. of 

protein and the calcium ion concentration for human and horse serum <a 

yielded results from which the mathematical data could not be interpreted. a 

| It seems logical to assume that the application of the law of mass action a 

to serum would require the accurate analysis of the [Ca**], the un-ionized a, 

diffusible calcium, the distribution of the different proteins, and the | 
individual constants for the respective proteins. 
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TOTAL PROTEIN — GMS. PER 100 GMS. H20 

Fic. 2. A graph of the calcium and protein concéntrations of a single sample of 

human serum augmented with varying quantities of CaCl,. The symbols have the 
same significance as in Fig. 1. 


Calcitum-Phosphate-Protein Equilibrium under Varying Conditions—The 
condition of the inorganic phosphorus in normal blood has been discussed 
by Grollman (5). The relationship of calcium and phosphorus in serum 
has been reviewed by Schmidt and Greenberg (6) and MeLean and Hin- 
of richs (7). There appears to be no agreement concerning the amount and 
es the composition of a colloidal calecium-phosphate complex in serum. It 

| is generally agreed that the excessive quantities of calcium or phosphate 
i salts influence the ionization of phosphate or calcium by the formation of 
a colloidal complex. 
Normal Serum— Analysis of fractionated centrifuged normal horse 
serum showed that the inorganie phosphorus concentration increases 


~ 


HE 

be 

¥ 

H 

Re. 

4 
f 
j | 


766 CALCIUM-PROTEIN RELATIONSHIP. III 


progressively with protein concentration. Differences of 0.14 and 0.15 
mM of P per kilo of HeO were obtained between the top and bottom frae- 
tions of two sera. In order to obtain more detailed data, horse serum 
was centrifuged and divided into five fractions; each fraction was again 
separated into five portions after centrifugation. The data for calcium, 
phosphorus, and protein are shown in Fig. 3. The relationship between 
ealcium and protein is irregular in comparison with the phosphorus- 
protein distribution. The spread of calcium values in this graph is prob- 
ably an expression of the marked differences in the protein distribution of 
the recentrifuged fractions. A linear relationship for phosphorus and 
protein is seen for all but the first portion of the plot which represents 
Fraction 1 of the recentrifuged serum. 

The results obtained indicate that phosphorus is present in normal horse 
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TOTAL PROTEIN — GMS.-PER 100 GMS. H,O 


Fic. 3. The distribution of calcium, phosphorus, and protein in recentrifuged 
fractions of horse serum. 


serum not only as a simple diffusible phosphate but also in combination 
with protein. In contrast to the discrepant relation of calcium to protein, 
phosphorus varies only with the total protein concentration. S nce 
analyses were carried out on trichloroacetic acid filtrates, it is probable 
that phosphate forms a loose combination with protein. 

Addition of Calcium Chloride to Serum—Calcium chloride was added to 
one sample of serum in varying quantities to bring the calcium concen- 
tration as high as 80 mm per kilo of H.O. These sera were centrifuged for 
2} hours and fractionated as previously described. 

The results for the calcium-protein relationship as shown in Fig. 4 
are similar to those discussed in previous experiments. ‘The rate of fall 
of diffusible phosphate concentration (intercept at phosphorus axis) is 
dependent on the concentration of calcium present. This relationship is 
shown in Fig. 5 where it can be seen that the diffusible P decreases mark- 
edly with small additions of calcium. Despite the addition of extremely 
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0.15 | large amounts of calcium, diffusible P does not disappear but remains 


frae- 
gain 
veen 
sTUS- 
rob- 
n of 
and 
ents 


Orse 


red 


present in small traces. Grollman (5) noted a similar phenomenon in 
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Fic. 4. Graphs showing the effect of augmenting a single sample of horse seruin 
with CaCl, on the ecalcium-protein and the phosphorus-protein relationship. The 


symbols have the same significance as in Fig. 1. 
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Fic. 5. The calcium-phosphorus relationships after augmenting horse serum with 
CaCl, or NasHPOQO,. 


ultrafiltration studies. These results would appear to be due to a reaction 
between calcium and phosphorus with the formation of a large molecule, 
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presumably colloidal in nature. The marked increase in the P concen- 
tration in the last fraction would tend to confirm this idea. 

Addition of Phosphate to Serum—Disodium hydrogen phosphate was 
added to one sample of serum in varying quantities to bring the P concen- 
tration as high as 57.5 mm per kilo of H,O0. These sera were centrifuged 
for 23 hours and the fractions analyzed for calcium, phosphorus, and 
protein. 
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Fic. 6. Graphs showing effect of augmenting a single sample of horse serum with 


NazHPO, on the calcium-protein and the phosphorus-protein relationship. The - 


symbols have the same significance as in Fig. 1. 


Figs. 5 and 6 show the significant changes for calcium and phosphorus. 
Diffusible calcium concentrations decrease sharply after the addition of 
small amounts of phosphate but tend to remain constant after the addi- 
tion of larger amounts. The marked increase of calcium in the last 
fractions appears to confirm the idea that a calcium-phosphate complex 
is formed under these experimental conditions. It is obvious that cal- 
cium is withdrawn from both the diffusible and protein-bound calcium 
fractions of serum. 

If the intercept at the P axis is interpreted as diffusible phosphorus, it 
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is seen that the amount of bound phosphorus increases with the concen- 
tration of phosphate. The sudden rise in total P values of the last frae- 
tions can be attributed to the rapidly sedimenting calcium-phosphate 


complex. 


SUMMARY 


A study has been made of the effects of adding calcium and phosphate 
salts to serum on the caleium-protein, phosphorus-protein, and calcium- 
phosphate relationships with the aid of the ultracentrifuge. 

Augmentation of serum with calcium shows that there is a poor correla- 
tion between protein and calcium. This would indicate that the equi- 
librium between serum proteins and calcium is too complex to be inter- 
preted by a single mass law relationship. 

Evidence is presented to show that a phosphate-protein compound 
normally oecurs in horse serum. 

A rapidly sedimenting molecule containing calcium and phosphorus 
is formed in vitro when either calcium or phosphate salts are added to 
serum. ‘This calecium-phosphate complex does not appear to be directly 


- associated with protein. 
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STUDIES ON BILE ACID METABOLISM 
I. THE FATE OF CHOLIC ACID IN THE GUINEA PIG 


By L. H. SCHMIDT ann HETTIE B. HUGHES 
(From the Institute for Medical Research, Christ Hospital, Cincinnatt) 


(Received for publication, March 12, 1942) 


It is well known that bile acids are constantly being synthesized by the 
normal animal. Since these acids are not excreted in amounts comparable 
to those formed (1) and normally do not accumulate in the animal body, 
it is apparent that these substances must be catabolized. At present, 
however, little is known of either the site, mechanism, or products of bile 
acid decomposition. 

The problem of bile acid catabolism has been approached in our labora- 
tory through a study of the fate of cholic acid in the guinea pig. This 
study has shown that cholic acid injected intravenously disappears from 
the body and is not eliminated as such in the excreta. The disappearance 
of this bile acid is due largely, if not entirely, to decomposition within the 
cecum through the action of bacteria. Details of these findings are re- 


ported here. 
Methods 


Method of Determining Cholic Acid—The method used for determining 
cholic acid was based on a modification (2) of the Gregory-Pascoe (3, 4) 
procedure. Analyses were carried out on alcoholic extracts of the various 
organs, excreta, body fluids, and bacteriological media. An aliquot of an 
extract, estimated to contain from 0.15 to 0.8 mg. of cholie acid, was 
evaporated to dryness on the steam bath. The residue was dissolved in 
2.5 ec. of 60 per cent acetic acid; 1 ce. portions of the resulting solution were 
pipetted into each of two small test-tubes, to which 6 ce. of 16 N sulfuric 
acid were added. 1 ce. of a 0.9 per cent solution of freshly distilled 
furfural in 60 per cent acetic acid was added to one of these tubes; to 
the other tube, which served as a blank, 1 ec. of 60 per cent acetic acid 
was added. The contents of these tubes were mixed thoroughly, 
heated in a water bath at 67° for 12 minutes, and then cooled to room 
temperature. The colors of the resulting solutions were compared in 
a colorimeter with that of a suitable cholic acid standard, with red light 
(6100 to 6900 A.) for illumination. Cholie acid standards were prepared 
as follows: 5 ec. portions of two stock alcoholic solutions, containing 0.25 
and 0.5 mg. of cholie acid respectively, were evaporated to dryness and 
treated exactly as were the unknowns. 
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The cholic acid content of the unknown was calculated by deducting 
the color equivalent of the blank tube from that of the tube containing 
furfural. Correction for the blank was unnecessary when extracts of blood 
plasma, bile, and media were analyzed. It was necessary in the analysis 
of extracts of the other materials studied, since these extracts contained 
non-specific substances which gave a small but measurable absorption of 
light (6100 to 6900 A.) when heated with sulfuric acid alone. 

Preparation of Extracts—For blood plasma, urine, fistula bile, and bacte- 
riological media, 2 ce. quantities of the respective fluids were added drop- 
wise to approximately 40 ce. portions of absolute alcohol; the mixtures were 
heated to boiling, filtered, cooled, and diluted to 50 ec. volume. 

For liver the excised organ was weighed and cut into small slices. <A 
5 gm. portion was ground with sand in a mortar and extracted with four 
successive 25 ce. portions of boiling absolute alcohol. The extracts 
were combined, filtered, cooled, and made up to 100 ec. volume. 

Feces were collected at 24 hour periods, dehydrated with alcohol, 
powdered in a mortar, and extracted with one 100 ce. portion followed by 
two 40 ec. portions of boiling alcohol. The combined extracts were 
filtered, cooled, and made up to 200 ec. volume. 

In the case of the stomach, small and large intestine, cecum, and gall- 
bladder, and the contents of these organs, the intact organ, including con- 
tents, was placed in a beaker, opened longitudinally, and cut into fine 
pieces. The entire contents of the vessel were then extracted with boiling 
alcohol, the same procedure being used as for feces. 


EXPERIMENTAL 


Presence of Cholic Acid in Normal Guinea Pigs—Before a study of the 
fate of cholic acid in the guinea pig was made, it was necessary to determine 
whether organs of the normal animal contained this bile acid. Accordingly, 
animals weighing 500 to 700 gm. were placed in metabolism cages and 
urine and feces were collected for a 24 hour period. The guinea pigs were 
then sacrificed and the various organs, body fluids, and excreta analyzed 
for cholic acid, according to the procedure described above. 

The results of these analyses, as recorded in Table I, show that in the 
normal guinea pig the various body fluids, excreta, and gastrointestinal 
organs and contents contained materials which gave a color equivalent to 
approximately 41 mg. of cholic acid. It was questionable, however, 
whether cholic acid was actually present in the normal animal except for 
traces in bile, since in the analysis of all organs, ete., other than gall- 
bladder and contents, a brown color was obtained instead of the blue 
characteristic of cholic acid. Actually this question was immaterial to 
our study, since the amounts of color-producing substances found in 
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corresponding organs of different animals were fairly constant, as shown 
in Table I. 

For the present purposes, it has been assumed that the ‘‘apparent”’ 
cholic acid values represented substances other than cholic acid which re- 
act with sulfuric acid and furfural to form pigment. All subsequent data 
obtained on animals recewing cholic acid have been corrected with respect to 
these “‘blank”’ values recorded in Table I. 

Recovery of Cholic Acid Added to Organs, Body Fluids, and Excreta of 
Normal Animals—Experiments were carried out to determine whether 
cholic acid could be recovered quantitatively when added to the various 
organs, body fluids, and excreta of the guinea pig. Measured quantities 


TABLE I 


‘Apparent’? Cholic Acid Content of Tissues, Body Fluids, and Excreta of Normal 
Guinea Pigs 


“‘Apparent’’ cholic acid content | Total in 
3 Blood* bladder Urinet | F Stomach Intestine C Li excreta 
rinet ecest omac ntestine ecum iver | 

me. me. meg. meg. mg. meg. mg. me. me. 

l 0.5 1.6 0.5 6.5 | 4.1 5.5 10.6 | 56.1 | 34.4 

4 06 | 201 | 62 1-46 1 
Average.....| 0.7 | 1.5 | 0.8 | 6.1 | 5.6 | 7.4 | 10.5] 83} 40.9 


* “Apparent” cholic acid content of blood was ealculated on the assumption that 
blood amounts to8& per cent of the total weight of a guinea pig, and that equal amounts 
of cholic acid were present in red blood cells and plasma. 

t 24 hour collections of urine and feces. 


of sodium cholate were added to blood plasma, bile, urine, feces, finely 
ground liver, and to the stomach, small intestine, and cecum, and their 
contents. These materials were extracted with alcohol and the extracts 
analyzed for cholie acid. 

When 0.1 to 0.2 mg. quantities of cholic acid were added to 1 ec. portions 
of either blood plasma or bile, the recovery was 97 + 2 per cent. When 
similar amounts of cholic acid were added to 1 ee. of urine, the recovery 
was 94 + 3 per cent. When 10 mg. of cholic acid were added to 5 gm. 
portions of liver, to 24 hour collections of feces, or to the entire stomach, 
small intestine, or cecum, the recoveries for the respective materials were 
as follows: liver 88 + 4 per cent, feces 85 + 4 per cent, stomach and con- 
tents 86 + 4 per cent, small intestine and contents 90 + 4 per cent, 
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cecum and contents 93 + 3 per cent. Although theoretical recovery was 
possible only with blood plasma and bile, the results obtained with 
other organs were deemed adequate for present purposes. 

Experiment 1. Elimination of Cholig Acid in Bile Following Intravenous 
Injection—This experiment was carried out as a guide to further studies 
of the disposition of cholic acid in the guinea pig. Biliary fistulae of the 
Rous-Mec Master type (5) were prepared in a group of guinea pigs. Im- 
inediately thereafter measured quantities of a 4 per cent solution of sodium 
cholate in physiological saline were injected into the jugular veins of some 
of these animals... Similar quantities of saline were injected into other 


TABLE II 


Experiment 1. Elimination of Cholic Acid in Bile Following Intravenous Injection 


Guinea pig No. Chelle acd injecte hol 
O-1 hr. 1-2 hrs. 2-6 hrs wecetis 
me. mez. | Me. me. me. per cent 
] 161 103.4 34.5 24.5 162.4 100.9 
2 137.5 19.7 ri 178.9 
5 69.7 13.5 4 G2 6 100.6 
4 s4 57.3 17.6 101.2 
5 IS5 105.3 33.1 14.2 [82.6 O87 
6 170 27.0 17.9 124.0 168.9 99.3 
7 92 61.0 22.1 11.7 102.0 
50.9 IS.4 13.4 82.7 103.3 
(0-6 hrs.) 
(‘ontrol 3.9 
10 
1] 5.1 


eontrol animals. The preparation of the fistulae and the injections of 
sodium cholate and saline solutions were carried out under nembutal and 
light ether anesthesia. Bile was collected at various intervals after the 
injections, extracted, and analyzed for cholic acid. 

The results of this experiment, summarized in Table II, show that 
cholic acid, administered intravenously, was rapidly secreted into the 
bile, just as in animals that normally produce large quantities of this bile 
acid. Within 1 hour after administration, 50 per cent of the cholic acid 
had been recovered; within 6 hours, recovery was complete. 

Experiment 2. Amounts of Cholic Acid Found in Gastrointestinal Tract, 
Liver, Blood, and Excreta at Various Periods after Injection—Measured 
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quantities of a 4 per cent solution of sodium cholate in physiological saline 
(the equivalent of approximately 0.25 gm. of cholic acid per kilo of body 
weight) were injected into the jugular veins of adult guinea pigs. Groups 
of animals were sacrificed 2, 6, 12, 24, and 96 hours after injection. Liver, 
blood plasma, urine, feces, and the organs and contents of the gastroin- 
testinal tract were extracted with alcohol and the extracts analyzed for 
cholic acid. From these results, the proportions of injected cholic acid 
found in the various organs were calculated. These latter data are sum- 
marized in Table III. 

As the data ir Table III show, there was a progressive loss of cholic 
acid from the varius organs and fluids examined. Whereas 2 hours after 
injection the average recovery of cholic acid amounted to 66 per cent, 
only 45, 33, and 22 per cent could be recovered at the end of 6, 12, and 24 
hours, respectively. After 96 hours, less than 5 per cent of the injected 
material could be recovered. 

The distribution and rate of disappearance of cholic acid in the various 
organs were of interest. Although there were considerable variations 
between individual animals, a definite trend was discernible. Cholie acid 
was removed from the circulation very rapidly, for at the end of 2 hours 
less than 4 per cent of the injected material remained in the blood of any 
animal. In spite of this rapid removal, traces of cholic acid were still pres- 
ent in the blood at the end of 24 hours. 

Approximately 60 per cent of the bile acid injected was found in the 
gallbladder and gastrointestinal tract at the end of 2 hours, the gallbladder 
containing 16 per cent, the stomach 5 per cent, the small intestine 18 
per cent, and the cecum 22 per cent. At 6, 12, and 24 hours, the amount 
of cholie acid in the gallbladder was essentially the same as at 2 hours. 
The amount in the small intestine decreased rapidly and at 12 hours very 
little was present. The amount of cholic acid in the stomach was greater 
at 6 than at 2 hours, probably because of regurgitation of intestinal con- 
tents; thereafter, the quantity decreased rapidly. The observations on 
the cecum were of particular interest. Although there was a progressive 
decrease in the cholic acid content of this organ, the decline was notably 
slower than in the stomach and small intestine. Even at 96 hours, the 
cecum contained detectable amounts of cholic acid. 

Little cholic acid was found in the liver at any time. This seemed 
remarkable, in view of the passage of cholic acid from the blood through 
the liver into the bile. It was especially noteworthy that cholic acid 
was not found in either the large intestine, feces, or urine, indicating that 
cholic acid was not excreted as such by the guinea pig. 

Experiment 3. Decomposition of Cholic Acid by Liver Tissue in Vitro— 
In view of earlier suggestions as to the réle of the liver in bile acid catabo- 
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* These recovery values hav 
analysis of corresponding organs of normal animals. Extracts of the large intestine 
and contents, urine, and feces were also analyzed for cholic acid, but the results of 
these analyses are not recorded here, since cholic acid was not present in such ex- 
tracts at any time of the experiment. 


TABLE III 


Experiment 2. Amounts of Cholic Acid Found in Gastrointestinal Tract, Liver, Blood, 
and Excreta at Various Periods after Injection 


- 


Tt | Per cent of injected cholic acid found* | 
me | Cholic Per cent 
Guinea pig No. sacrificed) acid | | 
injection | injected| | | Small | of injected 
Blood | nd Liver intestine | Stomach Cecum 
| hrs. | meg. | | 
| 0.2 | 26.3 | 12.4 | 12.9 | 70.4 
2 | 2 | 199] 25 | 162] 3.0 | 21.6] 193 66.0 
3 2 | 128 | 3.5 | 10.7/| 0.0 | 17.2/ 2.2 | 28.0] 61.6 
2.9 | 0.8 | 18.1! 22.7 | 66.0 
5 6 119 | 1.3 | 2%.0 | 0.9 | 871 1 
7 6 44:5 462 1 0.0 21.5] 46.8 
8 6 83 | 5.3 | 21.6 | 2.2 0.0; 48] 8.41] 42.3 
9 6 18 0.0 | 11.1 | 8.0 | 37.5 
Average 29 2.4 | 8.2 11.8 | 45.4 
11 0.7 4-44 1 324 | Ba 
12 12 | 161 10 | 2.7) 20 | 0.0; 1.8] 6.3] 40.8 
15 | 12 | O06 | 00) 08) 6e| Bs 
16 0.0; 00] 3.2 27.6 
17 | | 17.56 2.2 | O8 | 3.0} 16.5] 40.8 
18 4 | 140 | 1.4 | 16.1! 0.0 0.0/ 06! 3.3 | 21.4 
19 00; 0.9 | 24.8 
2 1 | | 00) 3814; 3.3) 
21 24 | 120 0.0 0.0 3.3 | 25.9 
Average ae) 2 0.0 0.0 1.6 2.4 22.2 
23 | 9 | 121 | 0.0 | 88) 441 44 


e been corrected for the blank values obtained from 
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lism (6), attempts were made to determine whether liver tissue could 
decompose cholic acid in vitro. Various preparations of fresh guinea pig 
liver were made under aseptic conditions. In some experiments, thin 
slices of liver were prepared; in others, the liver was macerated with sand 
in a sterile mortar; in still other experiments, physiological saline or 
glycerol extracts were made. Quantities of these preparations, equivalent 
to 5 to 10 gm. of liver, were placed in sterile, wide mouth bottles, to which 
were added 0.02 mM phosphate buffer solutions (pH 7 to 8) containing 0.05 
to 0.2 per cent cholic acid (as sodium cholate). Glucose (0.5 per cent) 
was added to some of the preparations. These mixtures were incubated 
at 38° for various periods up to 6 days. At the end of the incubation 
period, the mixture in the bottle was extracted thoroughly with alcohol, 
and the cholic acid content of the extract determined. These results 
were compared with those of controls analyzed prior to incubation. 

Regardless of the technique of preparing the liver tissue, the concentra- 
tion of cholic acid, the pH of the buffer, or the presence of glucose, no 
evidence for the decomposition of cholie acid by liver tissue was obtained. 
Because of the negative nature of these results, the complete data are not 
presented here. 

Experiment 4. Distribution of Cholic Acid in Guinea Pig with Fune- 
tionally Inactive Cecum—The failure of isolated liver tissue to decom- 
pose cholic acid suggested that another organ must be involved in the 
metabolism of this bile acid. The cecum was implicated by the results 
of Experiment 2 (Table III), cholic acid appearing in this organ in large 
amounts shortly after injection and disappearing slowly thereafter. In 
order to determine more definitely the relation of the cecum to the disap- 
pearance of cholic acid, the recovery of this bile acid was studied in the 
guinea pig with a functionally inactive cecum. | 

The cecum was rendered functionally inactive by double ligation of 
the ileum just anterior to the ileocecal junction, the necessary operative 
procedures being carried out under nembutal and light ether anesthesia. 
Immediately after ligation of the ileum, a measured quantity of a 4 per 
cent solution of sodium cholate (equivalent to approximately 0.25 gm. 
of cholic acid per kilo of body weight) was injected into the jugular vein. 
6 hours later, the animal was sacrificed. The various organs of the gastro- 
intestinal tract, liver, blood, and urine were extracted, and the extracts 
analyzed for cholic acid. The results obtained with eight different ani- 
mals are summarized in Table IV. 

As the data show, the recovery of cholic acid from the blood and gastro- 
intestinal tract was almost theoretical in several animals and averaged 88 
per cent in the entire group. It was apparent, therefore, that the cecum 
played a considerable part in the disappearance of cholic acid, for the 
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average recovery of this bile acid from animals with functionally active 
ceca was only 45 per cent (cf. Table III, 6 hour group). 

Experiment 5. Disappearance of Cholic Acid from Isolated Cecum— 
Direct evidence of the decomposition of cholic acid in the cecum was ob- 
tained by studying the fate of this bile acid in the isolated organ. Under 
aseptic procedures, the distal end of the ileum and the proximal end of 
the large intestine were doubly ligated and divided between the liga- 
tures. ‘The entire cecum, with attached stumps of ileum and large in- 
testine, was excised and placed in a sterile, wide mouth bottle. The iso- 


TaBLE IV 
Experiment 4. Distribution of Cholic Acid in Guinea Pig with Functionally 
Inactive Cecum 


Animals sacrificed 6 hours after injection. 


Per cent of injected cholic acid found*t Per cent 
No. t | inject 
Blood «Gallbladder Small | Stomach | cholic acid 
102 4.6 17.4 66.0 5.0 93.0 
2 91 7.5 0.7 () 4.9 24.0 | 87.1 
3 102 S.4 3.7 () H.3 17.4 79.8 
+ 93 4.8 3.3 () 74.7 4.5 87.3 
| 107 4.8 17.8 0) 45.4 
6 93 4.8 9.2 0) 49.1 24.3 | 83.4 
7 129 3.9 10.9 1.7 60.1 4.3 
129 4.7 4.7 1.2 53.5 25.3 
Ea 5.4 8.0 03 | &.8 17.4 87.9 


* These recovery values have been corrected for the blank values obtained from 
analysis of corresponding organs of normal animals. 

+ No cholic acid was found in the cecum. Analyses of extracts of urine and large 
intestine and contents were also carried out; no cholic acid was found in these ex- 
tracts. 


lated organ was then injected with 15 to 20 ec. of a 0.4 per cent solution 
of sodium cholate in physiological saline, covered with saline, and incu- 
bated at 38° for 48 hours. At the end of the incubation period, the cecum 
was opened longitudinally, the mixture of saline, cecum, and contents 
was extracted with ethyl alcohol, and the extract analyzed for cholic 
acid. Control experiments were carried out simultaneously to determine 
the recovery of cholic acid from the cecum prior to incubation. 

The results of these experiments (Table V) show that the recovery of 
cholic acid from the cecum prior to incubation averaged 93.5 per cent. 
After 48 hours incubation, the recovery varied from 1 to 38 per cent with 
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an average of 14.8 per cent. This finding demonstrated that the cecum 
played an important réle in the disappearance of cholic acid from the 
normal guinea pig. 

Experiment 6. Decomposition of Cholic Acid in Media Containing Sus- 
pension of Cecal Contents—The following experiment was carried out to 
determine whether cecal contents could decompose cholic acid. A meas- 
ured quantity of cecal contents was aspirated aseptically and diluted 
with 20 volumes of saline. Three 500 ce. Erlenmeyer flasks were pre- 
pared, each containing approximately LOO mg. of sodium cholate dissolved 
in 50 ec. of beef infusion broth. To Flask 1, 0.5 ec. of freshly diluted cecal 
contents was added; to Flask 2 was added a similar quantity of diluted 


TABLE V 
Experiment 6. Disappearance of Cholic Acid from Isolated Cecum 


Cholic acid Incubation of Recovery of 


Guinea pig No. injected injected cecum cholic acid injected* | Average recovery 
me. Ars. per cent per cent 
| 70.6 None 
2 70.6 42 
3 70.6 x 92 
70.6 | 93.5 
| 4s | 
2 45 1S 27 
5 48 10 
4 54.5 48 38 
5 73.7 48 IS 
6 60 1] 
7 64.7 4s 7 
64.0 45 6 14.8 


* The recovery values have been corrected for the blank values obtained from the 
analysis of the normal cecum. 


eecal contents which had been heated to boiling for 15 minutes; Flask 3 
served as a control. These flasks were incubated at 38° for 48 hours, 
being shaken at 8 hour intervals throughout this period. Samples were 
withdrawn from each flask before and after incubation, extracted, and 
analyzed for cholie aeid. 

As shown in Table VI, incubation of cholie acid with a fresh 
suspension of cecal contents for 48 hours led to the decomposition of 
95 per cent of this bile acid. No decomposition occurred either in the 
flask containing the heated cecal contents or in the control flask. This 
experiment showed conclusively that the cecal contents contained a heat- 
labile agent that converted cholic acid to a derivative which did not give 
the Gregory-Pascoe reaction. 
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Experiment 7. Cholic Acid Decomposition by Alcaligenes faecalis Iso- 
lated from Guinea Pig Cecum—lIt seemed probable that decomposition of 
cholic acid by cecal contents was due to bacterial action, since the cecum 
has a large bacterial flora and no enzymatic secretion of its own. Aec- 
cordingly, the various aerobic bacteria in the cecum were isolated in 
pure culture and tested for their abilities to decompose cholic acid accord- 
ing to the following scheme. <A 500 ec. Erlenmeyer flask containing 50 


TaBLe VI 
Experiment 6. Decomposition of Cholic Acid in Media Containing Suspension of 
Cecal Contents 


Each flask contained approximately 100 mg. of sodium cholate dissolved in 50 ce: 
of infusion broth. 


Cholic acid per | 
| Cholic acid 


Flask No. | Cecal contents added to flask —_—_———— Idecomposed 
Incubated Incubated 
O hr. 48 hrs. 
me. me. | per cent 
1 0.5 ec., 1:20 dilution | 167 84 95.0 
2 0.5 ‘* 1:20 ‘** heated at 100° 15 min. | 167 164 | 1.8 
3 None 168 168 0 
TABLE VII 
Experiment 7. Cholic Acid Decomposition by Alcaligenes faecalis 
Cholic acid, mg. per cent 
Prior to Hrs. after incubation 
incu- 
Flask 1. 100 ec. synthetic medium + so- — 210 111 37 13 | 0 
dium cholate + Alcaligenes faecalis | 


Flask 2. Control; 100 ec. synthetic medium 210 | 212 209 ==. 207 207 
+ sodium cholate | 


ec. of beef heart infusion broth and approximately LOO mg. of sodium 
cholate was inoculated with 2 cc. of an 18 hour broth culture of the de- 
sired organism, and then incubated at 38° for 96 hours. Samples of the 
culture, obtained prior to and after 48 and 96 hours incubation, were 
extracted and analyzed for cholic acid. 

Only one of the eight organisms isolated lowered the cholic acid content 
of the medium. -In the flask containing this organism, the cholic acid 
concentration dropped from 169 mg. per cent prior to incubation to 24 
mg. per cent at the end of 48 hours. The active organism was a relatively 
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thin, motile, Gram-negative rod, approximately 0.5 uw in width and 2 to 6 u 
in length. It occurred either singly or in long or short chains, grew well 
on infusion agar but poorly in infusion broth, produced neither acid nor 
gas from glucose, sucrose, or lactose, did not liquefy gelatin, nor form 
indole, and did not reduce nitrate. On the basis of these characteristics, 
the organism was identified tentatively as Alcaligenes faecalis.' 

This organism grew fairly well in a simple synthetic medium (7), and 
decomposed cholic acid rapidly in this medium. In a typical experiment, 
such as that shown in Table VII, organisms grown on an infusion agar 
slant for 18 hours were washed from the slant with 5 ec. of synthetic 
medium and added to a 1000 cc. Erlenmeyer flask containing approxi- 
mately 200 mg. of cholic acid (as the sodium salt) in 100 ec. of the medium. 
The flask and contents were incubated at 38° for 48 hours, with frequent 
shaking. Samples were withdrawn for cholic acid analysis prior to incuba- 
tion and after 12, 18, 24, and 48 hours. A control flask containing only 
the synthetic medium and sodium cholate was treated in a similar manner. 

The data shown in Table VII testify to the rapid decomposition of 
cholic acid by pure cultures of Alcaligenes faecalis obtained from the guinea 
pig cecum. Within 24 hours, more than 90 per cent of the cholic acid was 
converted into a derivative that would not give the Gregory-Pascoe 
reaction, 


DISCUSSION 


The present study provides direct experimental evidence for the catabo- 
lism of cholic acid. Some direct evidence has been supplied heretofore 
by the experiments of Rosenthal ef al. (8), Kim (9), and Sasaki (10), but 
these experiments were preliminary and not conclusive. Indirect evi- 
dence has been presented in the studies of Bollman and Mann (6) and Ber- 
man and associates (11). 

In view of our observations, the process involved in the catabolism of 
cholie acid in the guinea pig may be summarized as follows: The injected 
bile acid is removed from the blood by the liver and secreted into the 
small intestine through the bile. A considerable portion of the secreted 
material is absorbed from the small intestine. The remainder passes into 
the cecum where it is acted upon by the bacteria present in this organ. 
It seems probable that the cholic acid absorbed from the small intestine 
is resecreted into this organ through the well known enterohepatic circu- 
lation. Again a portion of cholic acid escapes absorption and passes into 
the cecum, this process probably being repeated until all of the material 
passes into the cecum. 


1 We are indebted to Dr. A. G. Wedum, College of Medicine, University of Cincin- 
nati, for assistance in this identification. 
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Whether all the cholic acid is catabolized in the cecum or whether another 
organ takes part in this process cannot be stated categorically at present. 
It is evident, however, that in the absence of a functionally active cecum, 
there is little cholic acid catabolism. Furthermore, the liver, which has 
been implicated indirectly in bile acid catabolism by the work of Bollman 
and Mann (6) does not attack cholic acid 7n vitro; our results in this respect 
agree with the earlier findings of Rosenthal et al. (8). 

One may suggest that a similar catabolism of cholic acid occurs in 
animals other than the guinea pig. In animals like man, that do not 
possess a cecum comparable to that of the guinea pig, the process probably 
goes on in the large intestine. The fact that cholic acid can be detected 
in human feces (1) 1s proof of the presence of this acid in the large intes- 
tine. Although A/caligenes and similar organisms are found in the latter 
organ, it remains to be proved that the strains found in the human in- 
testine are able to catabolize cholic acid. 

It should be pointed out that the conception of bacterial decomposition 
of the bile acids is not a new one. As early as 1886, Mylius (12) reported 
that cholic acid was converted to desoxycholie acid during putrefaction of 
bile; Wieland and Sorge (13) were unable to confirm this observation, 
however. Later Exner and Heyrovsky (14) showed that sodium cholate 
solutions could not be precipitated with lead acetate if previously incu- 
bated in cultures of Escherichia coli, Eberthella typhosa, or Klebsiella 
pneumoniae. Licht (15) confirmed this work and in addition found that 
cultures of Pseudomonas aeruginosa and Bacillus proteus had similar ac- 
tivity. Bondi and Hess (16) found that broth solutions of sodium cholate 
failed to give the Pettenkofer reaction after several days incubation with 
Escherichia coli. Although Jenke (17) could not confirm this work, his 
failure was probably due to use of concentrations of sodium cholate that 
actually inhibited growth. 

In more recent years, a group of Japanese workers found that bacteria 
decomposed various bile acids, and isolated and identified some of the 
reaction products. Thus, Fukui (18) found that Escherichia coli reduced 
dehydrocholic to 7-oxy-3,12-diketocholanie acid, while Mori (19) as- 
cribed a similar action to Bacillus proteus. Sihn (20) reported that 
Escherichia coli reduced 3,7-diketocholanic to 3,7-dihydroxycholanic 
acid. In each of these cases, the amount of acid converted was extremely 
small. 

In conclusion, it may be said that experiments have been carried out 
in our laboratory to determine what cholic acid derivatives are produced 
by the action of Alcaligenes faecalis. This work, which will be reported 
shortly, has shown that a series of ketocholanic acids is formed.  Experi- 
ments are now in progress to determine whether similar derivatives are 
formed in the guinea pig cecum. 
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SUMMARY 


The catabolism of cholic acid in the guinea pig has been studied. When 
injected intravenously, cholic acid was secreted rapidly and quantitatively 
into the bile and thus into the intestinal tract. Within 96 hours after 
injection, cholic acid disappeared from the animal body, without being 
eliminated as such in either urine or feces. That the cecum was concerned 
in this disappearance was shown (1) by essentially quantitative recovery 
of cholic acid administered to the guinea pig with a functionally inactive 
cecum, and (2) by decomposition of cholic acid in the isolated cecum. 

This decomposition of cholic acid in the cecum was due to the activity 
of a Gram-negative rod having the cultural characteristics of Alcaligenes 
faecalis. ‘This organism, growing in a synthetic medium, caused rapid de- 
composition of cholie acid. 

The significance of these findings in the catabolism of cholic acid in 
the guinea pig and other animals has been discussed. 
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ENZYMES IN ONTOGENESIS (ORTHOPTERA) 


XXI. UNIMOLECULAR FILMS AND FRACTIONS OF PROTYROSINASE 
ACTIVATORS FROM GRASSHOPPER EGG OIL* 


By THOMAS HUNTER ALLEN, G. Ek. BOYD, ann JOSEPH HALL BODINE 


(From the Department of Chemistry of the University of Chicago, Chicago, and the 
Zoological Laboratories, State University of Iowa, Iowa City) 


(Received for publication, February 9, 1942) 


Since the lipoidal phase or centripetal layer in an extract of grasshopper 
eggs seems to change the contained protyrosinase into tyrosinase (1), it 
should be of some interest to see whether there is a specific native activator 
of protyrosinase. The following pages describe a vacuum sublimation 
study of this native oil. Some fractions thus obtained are compared on the 
basis of unimolecular film measurements. 


Methods and Materials 


Diapause eggs were ground up in 0.9 per cent NaCl solution and centri- 
fuged. The centripetal layer was collected, dissolved in ligroin, and 
washed with water. The ligroin was boiled off, and 3.752 gm. of the 
vellow-colored oil were placed in a vacuum sublimation apparatus. Six 
fractions were drawn off; Fractions 1 and 2 were combined and resublimed 
into eight fractions, Fraction 3 into three, Fraction 4 into three, Fraction 
5 into two, and Fraction 6 into two. 

The sublimation procedure was supplemented by a chemical method of 
fractionation. The neutral oil (5.136 gm.) from diapause eggs (172 gm.) 
was dissolved in 100 ec. of absolute aleohol and refluxed in the presence of 
1.5 gm. of potassium hydroxide. At the end of 2 hours this preparation 
was mixed with 200 cc. of water and was washed at 0° with three 50 ce. 
portions of petroleum ether in order to remove the so called unsaponifiable 
fraction (0.142 gm.). The saponifiable fraction was collected by adding an 
excess of sulfuric acid and washing with petroleum ether. The yield was 
4.347 gm. of “‘mixed fatty acids’? which were then fractionated in the sub- 
limation apparatus. 

The Pyrex glass sublimation apparatus is illustrated in Fig. 1. The 
outer tube was heated by an electric oven, while the inner tube or ‘‘cold 
finger’? was cooled by circulating tap water, ice water, or acetone-solid 
carbon dioxide. Fractionation was begun by placing the original material 
inside the bottom of the outer tube. The apparatus was evacuated by a 


* Aided by a grant from the Rockefeller Foundation for research in cellular physi- 
ology. 
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mechanical and then by a mercury vapor pump. At the end of a fractiona- 
tion period the oven was lowered away and the apparatus allowed to cool 
before the vacuum was broken and the inner tube raised so that the con- 
densate on its surface could be rinsed with ligroin into a watch-glass. 
Weighed portions of various fractions were dissolved in ligroin made to 
approximately 0.5 per cent of absolute alcohol. These solutions were used 
in studies of unimolecular films. The experimental technique followed 
that of recent publications (2-4). Monolayers of the native oil were simi- 


KK 


TO PUMP 
AND 
McLEOD GAUGE 


COLD FINGER 


Fic. 1. Vacuum sublimation apparatus 


lar on either 0.01 N HCI or Serensen’s phosphate buffer solution of pH 8.4. 
The experiments accordingly were performed on 0.01 Nn HCI subsolutions. 
The neutral equivalents were found by titrating in 80 per cent alcohol 
with sodium hydroxide in the presence of phenolphthalein. The melting 
points were determined in capillary tubes within less than 2 hours after the 
samples had solidified. 

Dispersions of the fractions were prepared by shaking in 0.10 MS¢rensen’s 
phosphate buffer solution of pH 6.8 for 10 minutes at twenty-two oscilla- 
tions per second through a 6 cm. displacement. Aliquots of these dis- 
persions were added to Warburg manometer vessels. ‘The protyrosinase 
solution was prepared according to a method described earlier (5). 
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A typical experiment before addition of the substrate was arranged as 
follows: 1.0 ce. of lipid dispersion in the reaction chamber, 1.2 ec. of 0.1 
M phosphate buffer in the reaction chamber, 0.5 cc. of protyrosinase solu- 
tion in the reaction chamber, 0.3 ec. of 0.4 per cent tyramine hydrochloride 
solution in the side bulb, 0.1 ce. of 10 per cent KOH solution and filter 
paper in the center well. The substrate was added 30 minutes after the 
mixing of lipid and protyrosinase and within 20 minutes after the appa- 
ratus had been placed in the water bath at 24.9°. 

The tyrosinase activity is expressed as the reciprocal of the time period 
in minutes for the uptake of the initial 100 microliters of oxygen. 


Results 


‘The fractionation steps, the appearance at room temperature, and the 
melting points are listed in Table |. ‘Phe native oi! yielded no perceptible 
deposit at room temperature, but as the temperature was increased the 
indicated vields were obtained. In any instance the recovery as a con- 
densate never exceeded 70 per cent, and the higher residues had an amber 
color. This color and the extreme insolubility of the final residues probably 
show that pyrolysis had occurred. In order to test the effect of heat, the 
0.070 gm. of Fraction 4 was subjected to a resublimation of } hour at 150°. 
The weight of the condensate showed a 97 per cent recovery, and the melt- 
ing point was still 45.0°. 

The condensates are the fractions which are to be compared. Force- 
area diagrams of monomolecular films are given in Fig. 2 for the native oil 
and five of the fractions. These are not condensed films, because tale parti- 
cles will glide freely about the surface. Plots of the product of foree and 
area against the force, moreover, show that the films do not behave as 
though they were gaseous (6). The Fraction 5 film must be extremely 
fluid, because its viscosity proved to be insignificantly different from that 
of the subsolution. The general form of ali the curves resembles that of a 
liquid expanded film above its eritical temperature (6). The latter char- 
acteristic may account for the fact that these films on barium chloride 
subsolutions adhere to chromium plates on the down trip only to come off 
on the up trip (7). 

The physical homogeneity of a monolayer can be judged by dark-field, 
uwtramicroscopic examination (8) as to the absence of microscopic droplets 
or lenses of the film-forming substance. Lenses began to appear at the 
pressures of collapse in the monolayers (Fig. 2). Since the lens points 
(Fy) coincide with the kinks, the pressure of collapse is evidently that at 
which a change from two to three dimensions occurs. It thus seems that 
through the expanded portions the films are homogeneous. 

Additional information on homogeneity (2) is given by the values of the 
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surface potentials. The AV is defined as the difference between the con-— 


tact potential when the film is present and when the film is absent (6). 
The surface potentials of Fraction 18 and the native oil are certainly greater 
than those of Fraction 5 (Fig. 2). During the course of time, the surface 
potential is steady at areas within the expanded portions of the compression 
eurves. Therefore, the monolayers at these areas have no patches of vary- 


TABLE 
Fractionation of Native Oil 


Sublimation | Resublimation 


Prac. Oven Oven 
Yield tem- Appearance at Yield | tem- Appearan at | Mp 
Ne pera- room temperature | No. | pera- | room temperature 
ture ture 
gm. | | | | 
1 0.185 90. Colorless solid 1 0.004 68 | Colorless solid | 36.2 
2 0.780 122 2 | 0.017 | 72 | 36.9 
trace of pale 0.066 «43.9 
yellow oil 0.070 | 83 
6 | 0.112 109 | 40.3 
7 | 0.125 | 123 | ” oil with | 27.8 
| | | granules | 
8 | 0.083 147. Colorless oil | 28.8 
3 0.739 170. Pale yellow oil 9 0.068 117, | 25.5 
| 10 | 0.225) 162 Pale yellow oil 28.0 
11 0047 220 Yellow oil | 9.2 
| | | | 
4 0.204 178. Yellow oil, nee- 12 0.038 | 123 | Colorless oil | 25.3 
 dile-shaped 13 | 0.025 | 155 | solid | 38.1 
crystals | 14 | 0.024 217. 
5 0.269 264 | Yellow oil | 15 | 0.028 | 135 " . 30.7 
16 | 0.063 231) Bright vellow oil 15.1 
6 0.350 328 17 0.040 168 Colorless oil 25.5 
| 9.5 


IS 0.219 316 Bright yellow oil —5. 


ing nature. At larger areas, where the pressure is similar to that of a 
surface vapor pressure (6), the films are not homogeneous. Since the 
surface potentials vary with time and with the position of the probe elec- 
trode, islands of liquid and gas evidently occur in the low pressure films. 
According to both the ultramicroscope and the surface potentials, it seems 
that the films consist of a single phase throughout the expanded portions. 
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An equation relating the surface potential to the concentration of 
molecules in a film, as ordinarily used, is AV = 4anu where pis related tothe 
standard dipole moment (6). Although the meaning of this ratio is 


20} p 5 FRACTION MP. N.E. [2x10 
OIL 6&'8 340 384 163 16.8 

F soe 5 5 450 267 0.79 29.7 15.7 Pg 
— 29.5 #4«17.3 
— 
26r — 253 i78 


449 18.7 


i 
iO 20 30 40 50 60 70 80 90 iOO ie) 120 
2 
ANGSTROMS / MOLECULE 


Fig. 2. Surface pressures, potentials, and w values for the native oil and some of 
its fractions. F = dynes per em., AV = millivolts, U.P. = melting points, N.E. 
= neutral equivalents (molecular weight), Fz = lens point or spreading pressures, 
r = thickness in A. caleulated from density 0.90, temperature = 27.5-30.0°, At = 1 
minute. 


limited by a certain lack of knowledge (2), u is useful for comparative pur- 
poses. As the area of the native oil and Fraction 18 films is reduced, their 
u Values decrease in a similar way. On the other hand these values remain 
constant when the Fraction 5 film is compressed. The decreasing u values 
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of the oil and Fraction 18 may mean that the tilt of the dipoles to the 
surface is decreasing. In the Fraction 5 monolayer a change in area does 
not seem to change the tilt of the dipoles; rather than being tilted up the 
molecules of this film seem to remain flat. 

The fractionation of the mixed fatty acids was carried out according to 
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Fic. 3. Fractionation of the mixed fatty acids. Oven temperatures are given in- 
side the circles. The melting points are indicated in the fractionation ‘‘tree.”’ 


TaBLeE II 
Comparison of the Fractions from Mixed Fatly Acids with Saturated Fatty Acids at 25° 


Surface 


Acid | M.p. | Mol. wt. | pe | vapor | w X10!* | Compressibility 
| pressure 
| low mole- per | —K 
| cule uniis | 
Myristic, §4.0 228 | 46.4 0.19 1.8 >0.04 
Pentadecylic, C;; 45.6 0.11 1.8 0.035-0.045 
Palmitic, Cys 63.0 256 26.65 0.04 2.3 0. 0OS-0.010 
Condensate, Cj; (2) 16.6 232 55.5 0.29 1.76 0.04 —0.08 
2 0.22 1.60 0.04 —0.08 


Residue, Ci, (2) 33.5 246 49 
the schedule listed in Fig. 3. It was believed that a condensate and a 
residue, containing different fatty acids, could be isolated by resublimation. 
This procedure was continued until there was no great difference between 
the melting points of a condensate and a residue (Fig. 3). Monolayers pre- 
pared from these fractions were examined on a ‘‘vertical pull” film balance 
(3). It seems that saturated fatty acids were obtained; on a subsolution of 
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0.01 per cent KMnQ, and 0.01 n H.SO, there is no change in film character- 
istics such as is to be expected with monolayers of unsaturated fatty acids 
(9). The melting points, neutral equivalents, limiting areas, surface vapor 
pressures, u values, and compressibilities (10) are compared (Table IT) 
with constants of four saturated fatty acids. 

The inset of Fig. 4 exhibits the decrease in protvrosinase or the increase 
in tyrosinase wrought by the presence of increased concentrations of the 
condensate and the residue from the mixed fatty acids. The velocity of 
the enzymic reaction varies directly with the amount of activated proty- 
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Fic. 4. Surface pressures and yu values for two fractions from the mixed fatty acids. 
‘Temperature = 23.5-24.5°, At = 1 minute. Inset, the effect of these fractions and 


petrolatum on protyrosinase. ‘Temperature = 24.9". 


rosinase and thus may be used as a measure of the amount of tyrosinase 
(11). The other fractions from the native oil were also found to be capable 
of activating protyrosinase. The results of these experiments seem to 
show that the native oil or its various fractions will change protyrosinase 
into tyrosinase. On the other hand dispersed paraffin oil seems incapable 
of activating protyrosinase (Fig. 4, inset). 


DISCUSSION 


When one compares sublimation temperatures with one another, a con- 
servative estimate would place at least two separate compounds among the 
present fractions. Certain differences in the monolayers, the variety of 
melting points, and a number of neutral equivalents also make it appear 
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probable that while a particular compound is present in one group of frac- 
tions it is absent in others. According to this evidence, one may assume 
that the oil from eggs of a grasshopper is of a ‘‘mixed constitution’ (12), 

Since all the fractions will activate protyrosinase, it seems reasonable to 
conclude that no specific activator is contained in this native oil. These 
results agree with those of other studies in which various polar-non-polar 
compounds were shown to be capable of activating protyrosinase (11). 
But an aliphatic hydrocarbon oil, petrolatum, is not an activator (13). 
It seems as though lipoidal compounds are able to activate protyrosinase 
by virtue of the common possession of similar chemical groups. Since the 
paraffin oil has no polar groups and does not activate protvrosinase, the 
atoms of the activating groups probably compose the polar groups of in- 
terest to surface chemistry. 

The protyrosinase entity at present remains purely conceptual, but some 
explanations of its activation seem to be in order. These ideas are con- 
cerned with the various activators which may be classified as to their 
generally accepted behavior. Certain periods of time exposure and degree 
of treatment with heat, with various concentrations of acetone, urea, or 
urethane, and the removal of electrolytes are known to affect the nature of 
proteins. Because similar treatments have been also found to activate 
protyrosinase, it seems by analogy that the activation may involve a 
particular structural change of the protyvrosinase molecule. Perhaps, 
similar changes are brought about by the polar groups of the lipid activa- 
tors. The chemical configuration of the tvrosinase molecule may then be 
such as to permit the catalytic oxidation of substrates via electron ex- 
change involving the active center or group, which seems to contain the 
metallic element, copper (14, 15). 


SUMMARY 


1. Eighteen fractions were obtained by vacuum sublimation from the oil 
of grasshopper (Melanoplus differentialis) eggs. Two fractions were ob- 
tained by continued resublimation of the ‘‘mixed fatty acids.”’ 

2. Each one of the twenty fractions activates protvrosinase. 

3. It is concluded that the oil is of a mixed constitution and also that it 
contains no specific activator of protyrosinase. 

4. The activity of the dispersed fractions is discussed in terms of the 
effect of polar groups on protyrosinase. 


The authors wish to express their gratitude to Professor W. 1D). Harkins 
for his interest and help in this study. 
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LETTERS TO THE EDITORS 


THE EFFECT OF TESTOSTERONE PROPIONATE ON THE 
ARGINASE CONTENT OF THE LIVER, KIDNEY, 
AND INTESTINE* 


Sirs: 

It has been demonstrated in this laboratory that androgens produce a 
positive nitrogen balance in castrate dogs. This observation has been 
confirmed in humans.? It seemed worth while to determine what becomes 
of the retained nitrogen. Therefore, as one means to this end, a study of 
the various enzymes concerned with growth processes has been initiated. 
The results obtained with respect to the effect of testosterone propionate 
on arginase activity warrant a preliminary report. 

The rats were litter mate pairs, which were castrated at about 70 gm. 
of body weight. Injection of 5 mg. per day of testosterone propionate?’ 
was begun about 5 days after castration. On the 16th day, a pellet of 
testosterone propionate (20+ mg.) was implanted in each experimental 
animal and the injections stopped. 2 weeks later the arginase content 
of the intestine, liver, and kidney was determined by the method of Light- 
body with minor modifications. The results in the accompanying table 
show marked increases in the arginase content of the three tissues studied 
with the greatest effect in the kidney. Similar increases have been ob- 
tained on normal and castrate mice treated for 1 month by pellet of 
testosterone propionate. 

These results are in agreement with our assumption that the retained 
nitrogen as a result of androgen administration is used for growth processes. 
I:dlbacher and associates (cf. Baldwin’) have demonstrated that growing 


* This investigation was supported by a grant from Ciba Pharmaceutical 
Products, Inc. 

' Kochakian, C. D., and Murlin, J. R., J. Nutrition, 10, 437 (1935); Am. J. Physiol., 
117, 642 (1936). Kochakian, C. D., Endocrinology, 21, 750 (1937). 

2 Kenyon, A. T., Sandiford, I., Bryan, A. H., Knowlton, K., and Koch, F. C., 
Endocrinology, 23, 135 (1938). Albright, F., Parson, W., and Bloomberg, E., J. 
Clin. Endocrinology, 1, 375 (1941). Basset, S. H., Kochakian, C. D., and Friedman, 
H. A., unpublished. 

3 The testosterone propionate was supplied under the trade name ‘“‘perandren’’ 
by Ciba Pharmaceutical Products, Inc., through the kindness of Dr. E. Oppenheimer. 

4‘ Lightbody, H. D., J. Biol. Chem., 124, 169 (1938). 

5 Baldwin, E., Biol. Rev., 11, 247 (1936). 
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Treatment Micromoles urea per gm. per 100 gm. body weight & 107% 
Liver | Kidney | Intestine 
from pellet* | | 
days | mg. | per | percent per 
Control 56.6 0.56 
Control | 30.0 1.09 re 0.47 
Control | | 0.45 


* These values are for the amount of testosterone propionate absorbed from the 
pellets implanted on the 16th day of treatment. Up to the time of pellet implanta- 
tion, each experimental animal received subcutaneously 5 mg. per day of testosterone 
propionate in oil. 


tissues as a whole possess high arginase activity. They have expressed 
the view that the increased arginase is not for the formation of urea, but 
for the synthesis of protein components of nucleoplasmic material. It 
might be assumed, therefore, that androgens have a similar effect, since 
they cause a decrease in urea elimination and an increase in arginase 
activity. 

Experiments with d-amino oxidase show similar increases in the liver 
and kidney. 


Depariment of Vital Economics CHARLES D. KocHAKIAN 
The University of Rochester LELAND C. CLARK, JR. 
Rochester, New York 


Received for publication, April 10, 1942 
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PREPARATION OF TRYPTOPHANE-CONTAINING ACID 
HYDROLYSATES OF PROTEINS SUITABLE FOR 
INTRAVENOUS ADMINISTRATION* 


Sirs: 


The problem of the parenteral administration of nitrogen derived from 
protein sources is of importance particularly in circumstances in which 
hypoproteinemia may develop. It then becomes necessary to supply 
protein, or protein precursors, to an individual who, because of either his 
clinical condition, the loss of voluntary action, or other reasons, is unable 
to obtain or utilize orally administered protein. It has been established 
that experimental animals and humans utilize parenterally administered 
nitrogen for maintenance of positive nitrogen balance and for plasma pro- 
tein regeneration. The sources of nitrogen commonly employed have 
generally been products prepared from proteins by acid hydrolysis or by 
enzymatic digestion. 

The acid hydrolysis procedure is ideal except for the decisive difficulty 
that under the usual conditions employed extensive destruction of trypto- 
phane results. Since this amino acid is essential for production of nitrogen 
retention and plasma protein synthesis, tryptophane must be added to 
acid hydrolysates. The cost of tryptophane makes this approach to the 
clinical problem impractical. Enzymatic digests of casein have proved 
quite satisfactory for parenteral administration; however, the enzymatic 
process, while preserving tryptophane, has undesirable features: (1) the 
time required for protein digestion, and (2) the use of crude enzyme sources 
for large seale preparations. The first point is not completely objection- 
able; the second is minimized by employing purified enzymes. However, 
when large quantities of digests are needed, the cost of better enzyme 
preparations becomes of importance. Ground, fresh pancreas has been 
employed for the commercial preparation of enzymatie digests. While 
satisfactory products have been obtained,' there always exists the possible 
contamination of the enzyme source with a variety of tissue substances 
which might appear in the final preparation. 

A more satisfactory solution of the problem appeared to be the develop- 
ment of conditions of acid protein hydrolysis which would (1) hydrolyze 
the protein to smaller fragments that produce no undesirable reactions 
when rapidly injected intravenously, and (2) cause minimal destruction 


* This investigation has been aided by a grant from the Rockefeller Foundation. 
Acknowledgment is made to Marion A. Sayers and Harriet Wolf for technical 


assistance. 
1 Elman, R., Ann. Surg., 112, 594 (1940). 
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of the amino acids of the protein, with particular reference to tryptophane, 
These conditions have now been established. 

Hydrolysis of casein or of pumpkin seed globulin with 2.6 N sulfurie 
acid for 6 hours liberates 60 per cent (for casein) and 55 per cent (for 
pumpkin seed globulin) of the total amino nitrogen liberated by the usual 
conditions of protein hydrolysis (8 N sulfuric acid, 24 hours boiling), 
Tryptophane analyses? of these hydrolysates indicate that 85 per cent of 
the tryptophane present in casein is not destroyed. 65 per cent of the 
total tryptophane of pumpkin seed globulin is found in similarly prepared 
hydrolysates. Sulfuric acid is removed with baryta, the barium sulfate 
filtered and washed, and the filtrates and washings decolorized with 
norit and concentrated to dryness tn vacuo. ‘The final products are light 
colored powders, very soluble in water, and produce no undesirable re- 
actions in dogs when administered rapidly in solution by vein. The 
similarity of the amino acid composition of these preparations to that of the 
starting proteins is indicated from two types of comparative investigations, 
(1) rat growth experiments and (2) nitrogen balance studies in dogs, 
Plasma protein regeneration studies are in progress. 


Department of Physiological Chemistry ABRAHAM WHITE 
Yale University School of Medicine 
New Haven 

Department of Surgery RoBERT ELMAN 
Washington University School of Medicine 
St. Louis 


Received for publication, April 15, 1942 


2 Folin, O., and Ciocalteu, V., J. Biol. Chem., 73, 627 (1927). 
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determination, Lowry and 
Hastings, 257 
Muscle, changes, Lowry, Hastings, 
Hull, and Brown, 271 


Alanine: 


drolysates, Stein, Moore, 


Chou, and Bergmann, 121 | 


Alignment chart: Ultracentrifugation 


computation, Schachman, 395 | 


l-, preparation, protein hy- | 
Stamm, | 


| 


589, 605 

Craig and Jacobs, 611 
Aconitum  heterophyllum, isolation, 
Jacobs and Craig, 605 
Veratrine, Craig and Jacobs, 427 


Amino acid(s): Sulfonic acids, aro- 
matic, reagents for, Stein, Moore, 
Stamm, Chou, and Bergmann, 121 

Tobacco mosaic virus protein, frac- 


tionation, Ross, 685 
Anhydrase: Carbonic, Main and Locke, 
729 


—, zine effect, Vain and Locke, 729 
Antibody: Pneumococcus specific poly- 


saccharide, combination velocity, 
Mayer and Heidelberger, 567 
Apparatus: Tissue liquefier, NShelesnyak 
and Biskind, . 663 


pionate effect, Kochakian and Clark, 


795 

Kidney, testosterone propionate effect, 
Kochakian and Clark, 795 
Liver, testosterone propionate effect, 
Kochakian and Clark, 795 
Arginine: Pituitary oxytocic hormone, 
Potts and Gallagher, 561 

— pressor hormone, Potts and Gal- 
lagher, 561 
Ascorbic acid: Dehydro-, complexes, 
sulfhydryl compounds, Drake, 
Smythe, and King, SY 
Methemoglobin reduction, _ effect, 
Vestling, 439 
Aspartic acid: Growth relation, Rose and 
Fierke, 115 
Atisine: Jacobs and Craig, 589 
Autolysis: Oxidation, reduction, and 
sulfhydryl, effect, Batley, Belfer, 
Eder, and Bradley, 721 
Autotrophic organism(s): Chemical com- 
ponents, Mazur and Clarke, 39 
Azotobacter vinelandii: Nitrogen, iso- 
topic, distribution, Burris, 509 


807 


| 
| 
| = 
| 


B 


Bacteria: Heterotrophic, heavy carbon 


dioxide assimilation, Slade, Wood, — 


and Werkman, 
133 

Lactic acid, growth, glutamine and 
glutamic acid effect, Pollack and 
Lindner, 

See also Azotobacter vinelandii, Hemo- 
philus parainfluenzae, Mycobacterium 
Base: Total, blood serum, determina- 
tion, Sunderman, 185 
Benzene: 
split-products, yeast 
effect, Kensler, Young, and Rhoads, 
465 

Benzoic acid: Oxidation, \Wycobacteria 
effect, Bernheim, 383 
-Related substances, oxidation, yco- 


Nier, Hemingway, 


bacteria effect, Bernheim, 383 
Betaine: (‘hemical constitution and 
transmethylation relation, Moyer 
and du Vigneaud, 373 


Bile: Cholic acid keto derivatives, de- 


termination, Hughes, 11 
Desoxycholie acid keto derivatives, 
determination, Hughes, 1] 
Bile acid(s): Metabolism, Schmidt and 
Hughes, 771 | 


Bipyridine: 2,2’-, iron determination, 
spectrophotometric, use in, Aoenig 
and Johnson, 159 

Blood: Calcium distribution, Snyder and 


Katzenelbogen, 223 
Chloride distribution, Snyder 
Katzenelbogen, 293 


Ethyl alcohol, determination, Gettler 


and mberger, 633 
Glucose determination, micro-, 
Reinecke, 301 


Iodine, nature, Riggs, Lavietes, and | 
363 


Man, 
Lactate-pyruvate, defi- 
ciency, relation, Stotz and Bessey, 
625 

Magnesium distribution, Snyder and 
Katzenelbogen, 223 
Phosphorus, inorganic, distribution, 
Snyder and Katzenelbogen, 


thiamine 


N.N-Dimethyvlaminoazo-, 
earboxyinee, | lood cell(s): Glyceric acid, phospho 


223 | 


INDEX 


Blood—continued: 
Potassium distribution, Snyder and 


Katzenelbogen, 223 
Protein, tuberculosis, electrophoresis 
study, Seibert and Nelson, 29 


Pyruvate-lactate, thiamine deficiency, 
relation, Stolz and Bessey, 625 
Sodium distribution, Snyder and Katz- 


enelbogen, 223 
Urea nitrogen, determination, 
Gentzkow, 531 
Water, determination, distillation 
method, Miller, 65 


rylated, formation, species varia- 
tion, Rapoport and Guest, 671 
Blood plasma: Lipids, species variation, 
Boyd, 131 
Blood serum: Base, total, determina- 
tion, Sunderman, 185 
Calcium-protein relationship, caleium 
and phosphate salts, effect, ultra- 
centrifuge studies, Masket, Cha- 
nutin, and Ludewig, 763 
ultracentrifuge studies, Ludewig, 
Chanutin, and Masket, 753 
electrolytes, Sunderman, 185 
dl-e-Voeopherol, determination, pho- 


toelectric, Mayer and Sobotka, 695 
Brain: Metabolism, Elliott and Libet, 
227 

Oxygen uptake, Elliott and Libet, 227 
Bushy stunt: Virus protein, homo- 
geneity, Lauffer, 99 
Butyric acid: D-Erythro-a-amino-£, y- 
dihydroxy-n-, synthesis, Niemann 
and Nichols, 191 


Liver oxidation, glycogen effect, Bob- 
bittand Deuel, 1 
D -Threo - a@- amino - - dihydroxy- 
n-, synthesis, Viemann and Nichols, 


191 

Cc 
Calcium: Blood, distribution, Snyder 
and Katzenelbogen, 223 
-Protein relationship, blood serum, 
calcium and phosphate salts, effect, 
ultracentrifuge studies, Masket, 
Chanutin, and Ludewig, 763 
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SUBJECTS 


Calcium—continued: 


Cerebroside(s) : 


-Protein relationship, blood serum, | 


ultracentrifuge studies, Ludewvg, 
Chanutin, and Masket, 753 
calcium caseinate solutions, 
ultracentrifuge studies, Chanutin, 
Ludewig, and Masket, 737 
— —, ultracentrifuge studies, Chanu- 


tin, Ludewig, and Masket, 737 
Ludewig, Chanutin, and Masket, 
753 

Masket, Chanutin, and Ludewig, 
763 

Calcium caseinate: Solutions, calcium- 
protein relationship, ultracentri- 


fuge studies, Chanutin, Ludewig, and 


Masket, 737 
Calcium phosphate: Solubility, Green- 
wald, 703, 711 

—, hydrogen ion concentration effect, 
Greenwald, 703 

— product, Greenwald, 711 


—, solid phase, amount, effect, Green- 
wald, 
Calcium salt(s): Blood serum calcium- 
protein relationship, effect, ultra- 
centrifuge studies, Masket, Chanu- 
tin,and Ludewig, 763 
Carbohydrate(s): Characterization, Loh- 
mar, Dimler, Moore, and Link, 
Carbon dioxide: Heavy, assimilation, 
heterotrophic bacteria, Slade, Wood, 
Nier, Hemingway, and Werkman, 

133 

Liver extracts, cell-free, assimilation, 


Evans, Slotin, and Vennesland, 565 
Carbonic anhydrase: Vain and Locke, 
729 

Zine effect, Main and Locke, 729 


Yeast, activity, Cajori, 

357 
N ,N-dimethylaminoazobenzene 
split-products, effect, Kensler, 
Young, and Rhoads, 465 


Carboxylase: 


Casein: Iodinated, thyroid activity, ef- | 


fect, Reineke, Williamson, 
Turner, 285 | 
Catalase: Crystalline, liver, Dounce, 


497 


Preparation and properties, Dounce, 


497 


703 | 


_ Cystinuria: 
Hess and Sullivan, 
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Nerve’ tissue,  de- 
termination, micro-, Edman, 219 
Chloride(s): Blood, distribution, Snyder 
and Katzenelbogen, 223 
Cholestenediol-3(3) ,5: 7(8)- 
hvdroxycholesterol, relation, Berg- 
strém and Winterstleiner, 503 
Cholesterol: Formation, biological, ace- 
tic acid relation, Bloch and Ritten- 
berg, 297 
7(8)-Hydroxy-, A®-cholestenediol- 
3(8) ,5, relation, Bergstrém and Win- 
tersteiner, 503 
Cholic acid: Desoxy-, keto derivatives, 
bile, determination, Hughes, 11 
Keto derivatives, bile, determination, 
Hughes, 
Metabolism, Schmidt and Hughes, 771 


Choline: Chemical constitution and 
transmethylation relation, Moyer 
and du Vigneaud, 373 


Corpus luteum: Lipids, cyclic variations, 


Weinhouse and Brewer, 617 
Creatine: (reatine-creatinine excretion, 
ingestion and age relation, Hyde, 
301 

-Creatinine excretion, creatine inges- 


tion and age relation, Hyde, 301 
Creatinine: Creatine-, excretion, crea- 
tine ingestion and age _ relation, 
Hyde, 301 
Crown-gall: Polysaccharide, McIntire, 
Peterson, and Riker, 491 
Cysteine: Dietary, cystinuria, effect, 
Hess and Sullivan, 545 


Formation, //-S-(8-amino-8-carboxy- 
ethyl)homocysteine, liver, Binkley, 
Anslow, and du Vigneaud, 559 

Cystine: Dietary, //-S-(8-amino-8-carbo- 
xvethyl)homocysteine replacement 
by, effect, du Vigneaud, Brown, and 


Chandler, 59 
—, eystinuria, effect, Hess and Sul- 
livan, 545 
l-, optical rotation, Toennies, 75 


Pituitary oxytocic hormone, Potts and 
Gallagher, 561 
— pressor hormone, Potts and Gal- 
lagher, 561 
Cysteine, dietary, effect, 
545 
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Cystinuria—continued: | 
Cystine, dietary, effect, Hess and 
Sullivan, 545 
Dog, Hess and Sullivan, 5A5 
Methionine, dietary, effect, Hess and | 
Sullivan, 545 | 
Cytochrome: Reductase, Haas, Harrer, 
and Hogness, 

—, inhibition and inactivation, Haas, — 


Harrer, and Hogness, 341 
—, isolation, Haas, Harrer, and 
Hogness, 341 


—, oxygen, reaction, Haas, Harrer, | 


and Hogness, 

D | 

Dehydroascorbic acid: Complexes, | 
sulfhydryl] compounds, Drake, 
Smythe, and King, 
Desoxycholic acid: Keto derivatives, — 
bile, determination, Hughes, | 11. 
Dichlorobenzenesulfonic acid: 3%3,4-,. 
histidine preparation, use, Vickery, 

77 | 

Diet: Essential elements, guinea pig, | 
Woolley, 679 | 


Dimethylaminoazobenzene: N ,N-, split- 
products, yeast carboxylase, effect, — 
Kensler, Young, and Rhoads, 465 

Duodenum: Lipids, fat absorption, rela-— 
tion, Reiser, 109 


E 


INDEX 


Erythro - a - amino - 8,7 - dihydroxy -n- 
butyric acid: D-, synthesis, Nie- 
mann and Nichols, 19] 

Estradiol: a-, §8-estradiol, conversion, 
ovariectomy-hysterectomy — effect, 
Fish and Dorfman, 15 

—, estrone, conversion, ovariectomy- 
hysterectomy effect, Fish and Dorf- 
man, 15 


Estrone: a-Estradiol conversion, 
ovariectomy-hysterectomy _ effect, 
Fish and Dorfman, 15 

Oxidation, hydrogen peroxide in, 

| Westerfeld, 177 

Ethyl alcohol: Blood, determination, 
Gettler and Umberger, 633 

F 
Fasting: Lipids, MacLachlan, Hodge, 
Bloor, Welch, Truar, and Taylor, 
473 


Liver fat to water relation, effect, 
MacLachlan, Hodge, Bloor, Welch, 
Truaz, and Taylor, 473 

— phospholipids, fractionation, effect, 
MacLachlan, Hodge, Bloor, Welch, 
Truazx, and Taylor, 473 


Fat(s): Absorption, duodenal lipids, re- 


lation, Reiser, 109 
Liver, water and, relation, fasting 
effect, WacLachlan, Hodge, Bloor, 
Welch, Truaz, and Taylor, 473 
Fibrinogen: Determination, protamine 
use, Wylon, Winternitz, and de 
Suté- Nagy, 21 


Egg(s): Grasshopper, oil, protyrosinase — 
activators, unimolecular films and 
fractions, Allen, Boyd, and Bodine, | 


785 
Electrolyte(s): Blood serum, Sunderman, | 
185 

Heart ventricle, Wood, 165 
Lung parenchyma, Wood, 165 | 


Enzyme(s): Acetic acid formation from 
acetoacetic acid, effect, Lehninger, — 

Ontogenesis, réle, Allen, Boyd, and 
Bodine, 785 © 
See also Anhydrase, Carboxylase, | 
Myokinase, Oxidase, Polyphenol- 
oxidase, Protyrosinase, Reductase | 


Fructose: Intestine, glucose and phlor- 


hizin, effect, Beck, 403 


Fungus: See also Achlya 


G 


| Glucosamine: Growth relation, Rose and 


Fierke, 115 


Glucose: Blood, determination, micro-, 


Reinecke, 351 
Intestine fructose, effect, Beck, 403 
— phosphate, organic, effect, Beck, 


403 

Tolerance, fatty livers, relation, 
Treadwell, King, Bebb, and Tidwell, 
203 
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SUBJECTS 811 


Glutamic acid: Lactic acid bacteria Homocysteine: //-S-(8-Amino-8-carboxy- 


growth factor, Pollack and Lindner, ethyl)-, cysteine formation, liver, 
655 Binkley, Anslow, and du Vigneaud, 

Glutamine: Lactic acid bacteria growth 559 
factor, Pollack and Lindner, 655 —, diet, cystine replacement, effect, 
Glyceral 'ehyde 1,3-diphosphate: dl-, du Vigneaud, Brown, and Chandler, 
dimeric, Baer and Fischer, 563 59 
Glyceric acid: Phosphorylated, blood synthesis, du Vigneaud, Brown, and 
eclls, formation, species variation, | Chandler, 59 
Rapoport and Guest, 671 Hormone(s): A, Achlya_  biserualis, 
Glycogen: Liver, butyrie acid oxidation, | Raper and Haagen-Smit, 311 
effect, Bobbitt and Deuel, 1 Steroid, metabolism, Fish and Dorf- 
Grasshopper: oil, protyrosinase man, 15 
activators, unimolecular films and | Fish, Dorfman, and Young, 715 
fractions, Allen, Boyd, and Bodine, | Hydrocarbon(s): Branched chain, mono- 
785 | layers, Stdllberg and Stenhagen, 171 

Growth: Aspartic acid effect, Rose and Hydrogen peroxide: Estrone oxidation 
Fierke, by, Westerfeld, 177 
Cjiucosamine effeet, Rose and Fierke, Wydroxycholesterol: 7(8)-, A*-choles- 
115 | tenediol-3(8),5, relation, Bergstrém 


and Wintersteiner, 503 
Hydroxylysine: Dissociation constants, 
Klemperer, Hastings, and Van 


Lactic acid bacteria, glutamine and | 
gluitamie acid effeet, Pollack and | 
Lindner, 655 


| 

Musele, retardation effeet, Lowry, | Slyke, 433 
MeCay, Hastings, and Brown, — 281 | Hypoxanthine : Determination, Hitch- 
Guinea pig: Dictary essentials, Woolley, Hyst 
679 ysterectomy : variectomy-, a 
| estradiol conversion to estrone and 
8-estradiol, effect, Fish and Dorf- 
H | man, 15 

Feart: Phospholipid, serologically I 
active, isolation and purification, | Intestine: Arginase, testosterone pro- 
Pangborn, 247 | pionate effect, Kochakian and Clark, 
Ventricle electrolytes, Wood, 165 795 
See also Muscle Fructose, glucose and_ phlorhizin, 
Hemoglobin: See c/so Methemoglobin effect, Beck, 403 
Hemophilus parainfluenzae: Nicotin- Phosphate, organic, glucose and 
amide-containing nutrilites, effect, phlorhizin, effeet, Beck, 403 
Schlenk and Gingrich, 295 Iodine: Blood, nature, Riggs, Lavietes, 
Fetasine: Aconitum — heterophyllum, — and Man, 363 
isolation, Jacobs and Craig, 605 Iron: Determination, spectrophoto- 
Heteratisine: Aconitum heterophyllum, metric, ane Johnson, 159 
isolation, Jacobs and Craig, 605 —, —, 2,2'-bipyridine use, Koenig and 
Hexuronic acid: Benzimidazole deriva-_ Jonmeon, 159 

tive, identification, Lohmar, Dimler, | K 
Moore, and Link, 551 Ketosis: Bobbitt and Deuel, I 
Histidine: Preparation, 3,4-dichloroben- | Ketosteroid(s): 17-, neutral, urine, de- 
zenesulfonic acid use, Vickery, 7 termination, colorimetric, correc- 
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Ketosteroid(s)—continued: 


tion equation, Talbot, Berman, and — 
Mac Lachlan, 211 | 
Kicney: Arginase, testosterone propion- | 
and Clark, 
795 | 


ate effeet, Kochakian 


Extracts, cell-free, polyphenoloxidase 

properties, Cadden and Dill, 105 | 
L 

Lactate: -Pyruvate, blood, relation, 
thiamine’ deficiency, Stotz 
Bessey, 625 
Lactic acid: Bacteria, growth, glutamine | 

and glutamic acid effect, Pollack 

and Lindner, 655 


Benzimidazole derivative, character- 


ization, Dimler and Link, 557 
Leucine: /-, preparation, — protein 
hydrolysates, Stein, Moore, Stamm, 


Chou, and Bergmann, 121 
Lipid(s): Blood plasma, species varia- 
tion, Boyd, 131 
Corpus luteum, cyclie variations, 
Weinhouse and Brewer, 617 
Duodenum, fat absorption, relation, 
Reiser, 109 
Fasting, MacLachlan, Hodge, Bloor, 
Welch, Truax, and Taylor, 473 


Phospho-. See Phospholipids 
Liquefier: Tissue, apparatus, Shelesnyak 
and Biskind, 663 


Liver: Arginase, testosterone propionate | 


effect, Kochakian and Clark, 795 | 


Butyrie acid oxidation, glycogen 
effect, Bobbitt and Deuel, | 
Catalase, crystalline, Dounce, 497 
(‘ysteine formation, //-S-(8-amino-g- 
carboxvethyl)homocysteine, Bink- 


ley, Anslow, and du Vigneaud, 559 — 


Extract, cell-free, carbon dioxide as- 


similation, Evans, Slotin, and 
Vennesland, 565 


Fat and water relation, fasting effect, 
MacLachlan, Hodge, Bloor, Welch, 


Truaxr, and Taylor, 473 
Fatty, glucose tolerance, relation, 
Treadwell, King, Bebb, and Tidwell, 
203 


INDEX 


Liver—continued: 

Phospholipids, fractionation, fasting 
effect, MacLachlan, Hodge, Bloor, 
Welch, Truax, and Taylor, 473 

Water and fat relation, fasting effect, 
Mac Lachlan, Hodge, Bloor, Welch, 


Truax, and Taylor, 473 
Lung: Parenchyma electrolytes, Wood, 

| 165 
Lysine: Hydroxy-, dissociation con- 
stants, Alemperer, Hastings, and 

Van Slyke, 433 

M 

Magnesium: Blood, distribution, 
Snyder and Katzenelbogen, 223 
Manganese: IDeficiency, Boyer, Shaw, 
and Phillips, 417 
Methemoglobin: Reduction, and 
Wendel, 331 


~, aseorbie acid effect, Vestling, 439 


Methionine: Dietary, cystinuria, effect, 


Hess and Sullivan. DAS 


_Monolayer(s): Hydrocarbons, branched 


chain, Stdllberg and Stenhagen, 17) 
Mosaic: Tobacco, virus protein, amino 


neids, fractionation, Ross. O85 
Muscle: Aging effect, Lowry, Hastings. 
Hull, and Brown. 271 


Growth retardation effect, Lowry, 
MeCay, Hastings, and Brown, — 281 
Heart, aging effect, Lowry, Hastings, 
Hull, and Brown, 27) 

See also Heart 
Mycobacterium: Benzoic acid and re- 
lated substances, oxidation, Bern- 


heim, 383 
Myokinase: Aalckar, 299 
N 
Napelline: Craig and Jacobs, 611 
Nerve: ‘lissue, cerebrosides, determina- 

tion, micro-, Edman, 219 
Nicotinamide: -Containing  nutrilites, 
Hemophilus parainfluenzae, Schlenk 
and Gingrich, 295 
Nicotinic acid: Polarographie study, 
Tompkins and Schmidt, 643 
-Related compounds, polarographic 


study, Tompkins and Schmidt, 643 
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SUBJECTS 


Nitrogen: Isotopic, Azotobacter vine- 
landii, distribution, Burris, 509 
Urea, blood, determination, Gentzkow, 


531 
Nucleotide(s): Pyridine, tissue inac- 
tivation, in vitro, Handler and Klein, 
49 

O 
Oil: Grasshopper egg, protyrosinase 
activators, unimolecular films and 


fractions, Allen, Boyd, and Bodine, 
785 

Orthoptera: Ontogenesis, enzymes, réle, 
Allen, Boyd, and Bodine, 785 


Ovariectomy: -Ilysterectomy, @a-estradiol 


conversion to estrone and_= 


estradiol, effect, Fish and Dorfman, | 


Oxidase: Polyphenol-, kidney extracts, 


cell-free, properties, Cadden and Dill, — 


105 

Sarcosine, Bernheim and Bernheim, 

Oxygen: Uptake, brain, Elliott and 

Libet, 227 
Oxytocic hormone: See Pituitary 


P 
Pantothenic acid: Deficiency, Schaefer, 
McKibbin, and Elvehjem, 321 
Phenylalanine: /-, 
hydrolysates, Stein, Moore, Stamm, 


Chou, and Bergmann, 121 
Phlorhizin: Intestine fructose, effect, 
Beck, 403 
— phosphate, organic, effeet, Beck, 

403 

Phosphate(s): Organic, intestine, 
glucose and phlorhizin, effeet, Beck, 

403 


Phosphate salt(s): Blood serum calcium- 
protein relationship, effeet, ultra- 
centrifuge studies, Masket, 

 Chanutin, and Ludewig, 763 

Phospholipid(s): Heart, serologically 
active, isolation and purifieation, 
Pangborn, 247 

Liver, fractionation, fasting effect, 
MacLachlan, Hodge, Bloor, Welch, 
Truaz, and Taylor, 473 


813 


Phosphorus: Inorganic, blood, distribu- 
tion, Snyder and Katzenelbogen, 223 
Phthiocerol: Monolayers, Stdllberg and 
Stenhagen, 171 
Pituitary: Oxytocic hormone, cystine, 
tyrosine, and arginine, Potts and 


Gallagher, 561 
Pressor hormone, cystine, tyrosine, 
and arginine, Potts and Gallagher, 
561 

Pneumococcus: Polysaccharides, spe- 
cific, antibody combination velocity, 
Mayer and Heidelberger, 567 
Polyphenoloxidase: Kidney extracts, 
cell-free, properties, Cadden and 
Dill, 105 
Polysaccharide(s): (Crown-gall, Me- 
Intire, Peterson, and Riker, 491 


Specific, pneumococcus, antibody com- 
bination velocity, Mayer and Heidel- 
berger, 567 

Potassium: Blood, distribution, Snyder 


and Katzenelbogen, 223 

Pregnancy: Urine pregnandiol- 
3(a),20(a@), isolation, Fish, Dorf- 
man, and Young, 715 
Pregnandiol-3(a).20(a@): Urine,  preg- 

| naney, isolation, Fish, Dorfman, 
and Young, 715 


_Pressor hormone: See Pituitary 
Prolactin: 


preparation, protein | 


White, Bonsnes, and Long, 
447 

Protamine: Fibrinogen determination, 
use, Mylon, Winternitz, and de 
Suté- Nagy, 21 
Protein(s): Blood, tuberculosis, electro- 
phoresis study, Seibert and Nelson, 


29 
Bushy stunt virus, homogeneity, 
Lauffer, 99 


Caleium-, relationship, blood serum, 
calcium and phosphate salts, effect, 
ultracentrifuge studies, Masket, 
Chanutin, and Ludewig, 763 

~, —, — —, ultracentrifuge studies, 
Ludewig, Chanutin, and Masket, 

753 

ealeium caseinate solutions, 

ultracentrifuge studies, Chanutin, 


Ludewig, and Masket, 737 
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Protein(s)—continued: Serine: /-, preparation, protein’ hy- 
. Calcium-, relationship, ultracentrifuge drolysates, Stein, Moore, Stamm, 
q studies, Chanutin, Ludewig, and Chou, and Bergmann, 12] 
. Masket, 737 Sex: Hormones, Achlya, Raper and 
Ludewig, Chanulin, and Masket, Haagen-Smit, 31] 
4 793 Sodium: Blood, distribution. Snyder 
Masket, Chanutin, and Ludewvg, and Katzenelbogen, 223 
7 | 763 Steroid(s): Hormones, metabolism, 
q Hydrolysates, /-serine, /-alanine, [- 


phenylalanine, d-leucine, 
tion, Stein, Moore, Stamm, Chou, 
and Bergmann, 12] 
—, tryptophane-containing, prepara- 
tion, intravenous injection effect, 
White and Elman, 797 


prepara- 


Fish and Dorfman, 15 
Fish, Dorfman, and Young, 715 
17-Keto-, determinu- 
tion, 


neutral, urine, 


colorimetric, correction 
equation, Talbot, 
Mae Lachlan. 


Sterol(s): Autoxidation, 


and 
211 
colloidal 


Berman. 


Tobaeco mosaic virus, amino acids, aqueous solution, Bergstrém and 
fractionation, Ross, 685 Wintersteiner, 503 
Protoveratrine: Dehydrogenation, Craig  Sulfhydryl: Autolvsis effect, Bailey, 
and Jacobs, 427 Belfer, Eder, and Bradley, 72!) 
Protyrosinase: Activators, grasshopper Compounds, dehydroaseorbie — acid 


egg oil, unimolecular films and complexes, Drake, Smythe, and King, 
fractions, Allen, Boyd, and Bodine, RO 
785 =Sulfonic acid(s): Aromatic, amino acid 


Pyridine: Nucleotides, tissue inactiva- 
tion, invitro, Handler and Klein, 49 
Polarographic study, Tompkins and 


Slamim, 
121] 
3,4-Dichlorobenzene-, histidine prepa 


reagents, Stein, AMoore, 
Chou, and Bergmann, 


Schmidt, 643 ration, use, Vickery, 77 
Pyridoxine: Metabolite, natural prod- 
ucts, occurrence, Snell, Guirard, T 
and Williams, 519 
Pyruvate: Lactate-, blood, relation, Testosterone propionate: Intestine arg- 
thiamine _ deficieney Stotz and inase, effect, Kochakian and Clark, 
Kidney arginase, effect, Aeochakian and 
R Clark, 795 
Liver arginase, effect, Aochakian and 
Reductase: Cytochrome, Haas, Harrer, Clark 5 vu 
/LaTR, 


and Hogness, 341 


Thiamine: Deficiency, blood lactate 
inhibition and inactivation, Haas, 
H 24] pyruvate relation, effeet. Stolz ana 
arrer, and Hogness wget 

—, isolation, Haas, Harrer, and 
Determination, chemical, Aurch and 
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acid: D-, synthesis, Niemann and 
S Nichols, 19] 
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tive. identification. Lohmar. Dim- veineke, Williamson, and Turner, 
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Tobacco: Mosaic virus protein, amino 


acids, fractionation, Ross, 685 
Tocopherol: dl-a-, blood serum, deter- 
mination, photoelectric, Mayer and 
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Veratrine: Alkaloids, Craig and Jacobs, 
427 
Proto-, dehydrogenation, Craig and 
Jacobs, 427 


‘Virus: Bushy stunt, protein, homo- 


Sobotka, 695 
Transmethylation: Betaine, structural | 

specificity relation, Moyer and du 

Vigneaud, 373 


Choline, structural specificity relation, | 


Moyer and du Vigneaud, 
Tryptophane: Protein hydrolysates con- 
taining, preparation, intravenous in- 
jection effect, White and Elman, 797 
Tuberculosis: Blood protein, electro- 
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phoresis study, Secbert and Nelson, 
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Tyrosinase: Pro-, activators, grass- 
hopper egg oil, unimolecular films 
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and fractions, Allen, Boyd, and- 
Bodine, 785 
Tyrosine: Pituitary oxytocie hormone, | 
Potts and Gallagher, 561 
pressor hormone, Potts and 
Gallagher, 561 
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Ultracentrifugation: Computation, align- 
ment chart, Schachman, 395 
Urea: Nitrogen, blood, determination, 
Gentzkow, 531 


Urine: 17-Ketosteroids, neutral, deter- 


mination, colorimetric, 


correction | 


equation, Talbot, Berman, and Mac- | 
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Lachlan, 211 
Pregnancy, pregnandiol-3(a@) ,20(a), 
isolation, Fish, Dorfman, and 

Young, 


geneity, Lauffer, 99 
Tobacco mosaic protein, amino acids, 
fractionation, Ross, 685 
Vitamin(s): K, determination, colori- 
metric, Seudi and Buhs, 665 


WwW 


Water: Blood, determination, distillation 
method, Miller, 65 
Liver, fat and, relation, fasting effect, 
Mae Lachlan, Hodge, Bloor, Welch, 
Truazx, and Taylor, 473 
Tissue, Miller, 65 
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Cajort, 
357 

N ,N-dimethyvlaminoazobenzene 
split-products, effect, Kensler, 
Young, and Rhoads, 465 


Yeast: ('arboxyvlase, activity, 
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Zein: Peptization, critical temperature, 
ethyl alcohol, Wanley and Evans, 701 
Zinc: Carbonic anhydrase, effect, Main 
and Locke, % 729 
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